/ 


FINAL  REPORT 

CLIMATE  OF  THE  BEAVER  RIVER 
RESOURCE  AREA 


r  i 

Qc 

984 

.U8 

C55 

1981 


ENVIRONMENTAL  APPLICATIONS 

A  Division  of 

SCIENCE  A  3 PLICA  TIONS,  INC . 


A 


^  mum 


id: 


(/  (j 


A 


FINAL  REPORT 

CLIMATE  OF  THE  BEAVER  RIVER 
RESOURCE  AREA 

July  31,  1981 

V _ J 


Submitted  to: 

Bureau  of  Land  Management 
Salt  Lake  City,  Utah 


Submitted  by: 

D.  Rykaczewski 


July  31 ,  1981 


& 


VH^cP 


f  * i  ENVIRONMENTAL  APPLICATIONS  DIVISION 
#  SCIENCE  APPLICA  TIONS,  INC. 

LA  JOLLA,  CALIFORNIA  -  P.O.  Box  2351,  476  Prospect  Street,  La  Jolla,  CA  92038  (714)  454-3811 


TABLE  OF  CONTENTS 


Section  pggg 


1  INTRODUCTION  .  1 

2  TOPOGRAPHY  .  3 

3  CLIMATOLOGY  .  5 

3.1  Principles  of  Climatology  .  5 

3.1.1  Energy .  5 

3.1.2  The  General  Circulation .  10 

3.1.3  Topographic  Influences  .  12 

3.1.4  Temperature .  15 

3.1.5  Winds .  17 

3.1.6  Anticyclones  and  Cyclones .  19 

3.1.7  Air  Masses .  22 

3.1.8  Condensation,  Clouds,  and  Precipitation  ....  22 

3.2  Sources  of  Climatological  Data .  25 

3.2.1  Observations  and  Records .  25 

3. 2. 1.1  Surface  .  25 

3. 2. 1.2  Upper  Air .  26 

3.2.2  Climatological  Data .  34 

3. 2. 2.1  Routinely  Prepared  Data  .  34 

3.2.2. 2  Sumnaries  .  36 

3.3  Temperature .  38 

3.3.1  Temperature  Distribution  .  40 

3.3.2  Frost-Free  Period  .  46 

3.4  Precipitation .  51 

3.4.1  Monthly  and  Annual  Distribution  .  53 

3.4.2  Precipitation  During  the  Growing  Season  ....  53 

3.4.3  Rainfall  Frequency  and  Intensity  .  58 

3.4.4  Snowfall .  75 

3.4.5  Floods  and  Drought .  79 

3.5  Evaporation  and  Related  Parameters  .  36 

3.5.1  Pan  Evaporation .  36 

3.5.2  Lake  Evaporation .  88 

3.5.3  Solar  Radiation .  93 

3.6  Severe  Weather .  95 

3.6.1  Hail .  95 

3.6.2  Dust  and  High  Wind  Events .  95 


1 

_ 


TABLE  OF  CONTENTS  (CONTINUED) 


Section  Page 

4  PREVAILING  WINDS .  1 04 

4.1  Wind  Roses .  104 

4.2  Peak  Wind  Speeds .  118 

4.3  Persistence  Analyses  .  119 

5  GLOSSARY  OF  TERMS .  123 

BIBLIOGRAPHY  .  132 


LIST  OF  TABLES 


Table 


Page 


3.1- 1 

3.2- 1 

3.3- 1 

3.3- 2 

3.3- 3 

3.3- 4 

3.4- 1 

3.4- 2 

3.4- 3 

3.4- 4 

3.4- 5 


Si zes  of  Parti  cl es 
Station  Index  and  History 

39 

Temperature  Conversions 

Temperature  Distribution  in  the  Beaver  River  R. A.  42 

Frost-Free  Period  or  Length  of  Growing  Season 

In  and  Near  the  Beaver  River  R.A.  48 

Relations  Among  the  Mean  Lengths  of  the  Freeze-Free 
Seasons  and  the  Mean  Occurrence  Dates  for  the  Last 
Freeze  in  the  Spring  and  the  First  Freeze  in  the  Fall  50 

Monthly  and  Annual  Means  and  Extremes  of  Precipitation 

in  the  Beaver  River  R.A.  55 

Means  and  Extremes  of  Precipitation  for  the  Freeze-Free 

Season  60 

Seasonal  Snow  Fall  Means  and  Extremes  76 

Annual  Number  of  Days  with  One  Inch  or  More  Snow 

Cover  In  and  Near  the  Beaver  River  R.A.  81 

Review  of  Historical  Occurrences  of  Floods, 

Beaver  River  R.A.  82 


Evaporation  Means  and  Extremes  In  and  Near  the 

Beaver  River  R.A. 

Means  and  Extremes  of  Evaporation  (Inches)  for  the 
32°  Freeze-Free  Period  (Days) 

Effect  of  Reservoir  Depths  on  Lake  Evaporation 
Rates  (Inches) 

Seasonal  and  Annual  Averages  of  Mean  Daily  Solar 
Insolation  (Langleys/Day),  Beaver  River  R.A. 


87 

90 

91 
94 


LIST  OF  TABLES  (continued) 


Tab! e  Page 


3.6-1 

Review  of  Historically  Damaging  Hailstorms  In  and 

Near  the  Beaver  River  R.A. 

96 

3.6-2 

Review  of  Historically  Damaging  or  Severe  Dust 

Storms  in  Utah  ana  Near  the  Beaver  River  R.A. 

97 

3.6-3 

Review  of  Historically  Damaging  or  Severe  Winds 

In  and  Near  the  Beaver  River  R.A. 

98 

4.3-1 

Persistence  of  Wind  Speed  Categories  ( % )  at  Cedar  City 
(1  Hour  Intervals/Miles  per  Hour)  (7/48  -  12/78) 

120 

4.3-2 

Persistence  of  Wind  Speed  Categories  {%)  at  Milford 
(1  Hour  Intervals/Miles  per  Hour)  (7/48  -  12/78) 

121 

LIST  OF  FIGURES 


Fi_gure  Page 

2-1  Topographic  Analysis  in  Thousands  of  Feet  4 

3.1- 1  Electromagnetic  Spectrum  6 

3.1- 2  Absorption  Spectra  for  the  Atmosphere  8 

3.1- 3  Global  Radiation  Balance  9 

3.1- 4  General  Circulation  Model  (after  Palmen)  11 

3.1- 5  Slope  Wind  13 

3.1- 6  Valley  Inversion  13 

3.1- 7  Yalley  Wind  13 

3.1- 8  Variation  of  Temperature  with  Height  at  60°  North 

Latitude  16 

3.1- 9  General  Variation  of  Temperature  with  Height 

Throughout  the  Atmosphere  16 

3.1- 10  Balance  of  Forces  in  the  Upper  Atmosphere  18 

3.1- 11  Balance  of  Forces  in  the  Lower  (Friction  Layer) 

Atmosphere  18 

3.1- 12  Idealized  Development  of  a  Low-Pressure  (cyclone) 

System  20 

3.1- 13  Cross  Section  Through  an  Idealized  Cold  Front  and 

a  Warm  Front  21 

3.3- 1  Stations  Recording  Climate  Data  In  and  Near  the 

Beaver  River  R.A.  41 

3.3- 2  Freeze-Free  Season  47 

3.4- 1  Normal  Annual  Precipitation  54 

3.4- 2  Normal  May  Through  September  Precipitation  59 


LIST  OF  FIGURES  (continued) 


Figure 

Page 

3.4-3 

Isopl uvial  Analyses  of  Precipitation  Amounts 
(2  years,  6  hours)  (tenths  of  an  inch) 

63 

3.4-4 

Isopluvial  Analyses  of  Precipitation  Amounts 
(10  years,  6  hours)  (tenths  of  an  inch) 

64 

3.4-5 

Isopluvial  Analyses  of  Precipitation  Amounts 
(25  years,  6  hours)  (tenths  of  an  inch) 

65 

3.4-6 

Isopluvial  Analyses  of  Precipitation  Amounts 
(50  years,  6  hours)  (tenths  of  an  inch) 

56 

3.4-7 

Isopluvial  Analyses  of  Precipitation  Amounts 
(2  years,  24  hours)  (tenths  of  an  inch) 

57 

3.4-8 

Isopluvial  Analyses  of  Precipitation  Amounts 
(10  years,  24  hours)  (tenths  of  an  inch) 

68 

3.4-9 

Isopluvial  Analyses  of  Precipitation  Amounts 
(25  years,  24  hours)  (tenths  of  an  inch) 

59 

3.4-10 

Isopluvial  Analyses  of  Precipitation  Amounts 
(50  years,  24  hours)  (tenths  of  an  inch) 

70 

3.4-11 

Isopluvial  Analyses  of  0.50  Probability  6  Hour 
Precipitation,  May-October  (tenths  of  an  inch) 

71 

3.4-12 

Isopluvial  Analyses  of  0.20  Probability  6  Hour 
Precipitation,  May-October  (tenths  of  an  inch) 

72 

3.4-13 

Isopluvial  Analyses  of  0.50  Probability  24  Hour 
Precipitation,  May-October  (tenths  of  an  inch) 

73 

3.4-14 

Isopluvial  Analyses  of  0.20  Probability  24  Hour 
Precipitation,  May-October  (tenths  of  an  inch) 

74 

3.4-15 

Average  Annual  Snowfall  In  the  Beaver  River  R.A.  (inches) 

30 

3.5-1 

Hay  to  October  Pan  Evaporation 

89 

3.5-2 

May  to  October  Lake  Evaporation 

92 

LIST  OF  FIGURES  (continued) 


Fi qure 

Page 

4.1-1 

Annual  Wind  Rose 

for  Milford  (7/48  -  12/78) 

106 

4.1-2 

Winter  Wind  Rose 

for  Milford  (7/48  -  12/78) 

107 

4.1-3 

Spring  Wind  Rose 

for  Milford  (7/48  -  12/78) 

108 

4.1-4 

Summer  Wind  Rose 

for  Milford  (7/48  -  12/78) 

109 

4.1-5 

Fall  Wind  Rose  for  Milford  (7/48  -  12/78) 

110 

4.1-6 

Annual  Wind  Rose 

for  Cedar  City  (11/48  -  12/78) 

111 

4.1-7 

Winter  Wind  Rose 

for  Cedar  City  (11/48  -  12/78) 

112 

4.1-8 

Spring  Wind  Rose 

for  Cedar  City  (11/48  -  12/78) 

113 

4.1-9 

Summer  Wind  Rose 

for  Cedar  City  (11/48  -  12/78) 

114 

4.1-10 

Fall  Wind  Rose  for  Cedar  City  (11/48  -  12/78) 

115 

4.1-11 

Day  Annual  Wind  Rose  for  Cedar  City  (11/78  -  12/78) 

116 

4.1-16 

Night  Annual  Wind  Rose  for  Cedar  City  (11/48  -  12/78) 

117 

1.  INTRODUCTION 


This  document  provides  baseline  data  on  climatology  for  BLM  lands  in 
the  Beaver  River  Resource  Area  of  the  Cedar  City  District  in  Utah.  Climatol¬ 
ogy  considerations  have  become  important  factors  in  the  establishment  and 
execution  of  Federal  land  management  policies.  The  purpose  of  this  document 
is  to  provide  information  which  can  be  used  with  other  resource  information  to 
facilitate  land  use  planning  decisions  especially  in  predictive  vegetation 
modeling  and  fire  and  range  management.  The  document  is  intended  for  use  by 
BLM  personnel  in  all  activities  involved  in  the  management  of  BLM  administered 
1 ands. 


The  data  base  which  has  been  used  to  develop  this  report  comprises 
that  available  in  published  form  from  governmental,  academic,  and  private  in¬ 
stitutions  within  the  State.  These  sources  of  data  are  summarized  in  the  ap¬ 
propriate  sections  for  the  following  climatic  parameters:  temperature,  frost- 
free  season,  precipitation,  snowfall,  evaporation,  solar  insolation,  hail  and 
surface  winds. 

The  report  presents  data  which  represent  meaningful  ( i . e . ,  long-term) 
and  representati ve  time  periods.  The  analysis  of  the  primary  climatic  param¬ 
eters,  such  as  temperature  and  precipitation  are  based  on  a  minimum  of  30 
years  of  data  or  the  period  of  record  of  the  station.  Nearly  all  of  these 
data  have  been  updated  through  1970.  Shorter  periods  of  record  were  used  for 
the  secondary  climatic  parameters  (e.g.  evaporation)  due  to  poor  data  availa¬ 
bility.  Caution  should  be  used  with  shorter  periods  of  record  as  data  may  not 
be  truly  representative  if  given  years  happen  to  be  anomolous.  More  recent 
information  may  be  obtained  from  the  National  Climatic  Center  in  Asheville, 
North  Carolina,  or  through  the  State  Climatologist's  Office  at  Utah  State 
University  in  Logan.  The  State  Climatologist  is  currently  working  with  the 
BLM  on  expanding  the  climatological  data  bank  housed  at  Utah  State  University. 
Programs  are  being  written  so  that  BLM  personnel  may  access  the  USU  computer 
and  receive  very  current  data  for  various  climatic  parameters. 
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Data  are  presented  in  the  text  in  a  graphics  intensive  manner  with 
heavy  dependence  upon  charts,  tables,  figures  and  overlays.  The  purpose  of 
this  manner  of  presentation  is  to  facilitate  the  use  of  the  data  by  BLM  person¬ 
nel.  A  key  aspect  of  the  graphical  approach  includes  the  use  of  topographic 
overlays.  Figures  are  scaled  such  that  they  can  be  used  in  conjunction  with' 
the  overlays  provided  in  the  report  jacket,  in  order  for  the  reader  to  better 
grasp  the  interactive  nature  of  climate  parameters  and  topography.  These  fig¬ 
ures  are  also  the  same  size  as  the  BLM  Areas  of  Responsibility  and  Status  Map 
1:1,000,000,  so  that  this  map  can  be  used  to  provide  further  detail,  as  neces¬ 
sary. 


The  results  of  the  analyses  provided  in  this  document  can  be  used  by 
BLM  personnel  for  a  multitude  of  applications.  The  document  has  been  written 
in  strai ghtforward  and  simple  language  such  that  it  can  be  used  by  all  levels 
of  BLM  technical  personnel.  A  sufficient  review  of  basic  principles  has  been 
provided  such  that  it  can  also  be  used  as  a  handbook  for  training  purposes. 
This  section  (3.1)  is  not  essential  to  the  understanding  of  the  text;  however, 
it  does  provide  an  excellent  base  for  making  a  first  cut  analysis  for  specific 
climatological  problems.  In  addition,  the  information  contained  in  this  docu¬ 
ment  is  suitable  for  use  in  the  development  of  appropriate  sections  of  Environ¬ 
mental  Impact  Statements.  Some  of  the  data  provide  background  information 
suitable  for  EIS  sections  on  environmental  setting.  The  reader  is  cautioned, 
however,  that  a  detailed  analysis  of  major  problem  areas,  such  as  the  poten¬ 
tial  impact  of  new  pollutant  sources,  would  require  additional  analytical  re¬ 
view  beyond  that  contained  in  this  document. 

Finally,  in  addition  to  its  uses  as  a  training  handbook  and  for  use 
in  the  preparation  of  Environmental  Statements,  this  document  can  also  be  used 
for  overall  planning  purposes  by  BLM  land  managers.  This  is  one  of  the  major 
intents  for  publishing  the  document.  It  is  felt  that  the  information  con¬ 
tained  herein  will  provide  suitable  information  on  which  one  can  base  judg¬ 
ments  relative  to  the  optimum  utilization  of  BLM  lands  in  terms  of  such  poten¬ 
tial  alternatives  as  agriculture,  forest  management,  range  management  and 
energy  development. 


2 


_ 


2.  TOPOGRAPHY 


The  Beaver  River  R.A.  is  located  in  the  Cedar  City  District  in  south¬ 
west  Utah.  Much  of  the  area  is  a  high  plateau  bounded  by  the  Utah-Nevada 
border  to  the  west,  the  Pine  Valley  Mountains  and  Zion  National  Park  to  the 
south,  the  Sevier  River  and  Tushar  Mountains  to  the  east,  and  the  area  cuts 
through  the  Wah  Wah  Mountains,  Wah  Wah  Valley  and  Mineral  Mountains  to  the 
north.  Elevations  are  generally  on  the  order  of  6,500  to  7,500  feet  above 
mean  sea  level  (MSL)  in  the  Escalante  Desert,  which  encompasses  most  of  the 
central  area  of  this  R.A.  The  northern  periphery  contains  a  series  of  moun¬ 
tains  and  valleys  including  the  Wah  Wah  Mountains,  Wah  Wah  Valley,  Frisco 
Mountains,  Beaver  River  Valley,  Mineral  Mountains,  Tushar  Mountains  and  Sevier 
River  Valley.  Elevations  in  these  chains  generally  remain  under  10,000  feet 
MSL,  with  the  exception  of  the  Tushar  Mountains  which  reach  12,173  feet  MSL  at 
Delano  Peak.  South  of  the  Tushar  Mountains  is  another  area  of  fairly  rugged 
terrain,  just  east  of  Cedar  City.  Elevations  in  this  area  are  generally 
10,000  to  11,000  feet  MSL.  Figure  2-1  provides  topographic  contours  for  the 
Beaver  River  R.A.  and  surrounding  areas. 
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3.  CLIMATOLOGY 


This  section  is  designed  to  characterize  the  prevailing  climate  of 
the  Beaver  River  R. A.  of  the  Cedar  City  District  in  Utah,  as  well  as  to  de¬ 
scribe  the  physical  processes  that  determine  regional  climate.  Long-term  mani¬ 
festations  of  weather  are  best  described  by  regional  and  local  analyses  of  the 
numerous  climatic  parameters,  i.e.,  temperature,  precipitation,  winds,  evapora¬ 
tion,  sky  conditions,  severe  weather  and  many  others. 

The  following  sections  will  describe  the  various  climatic  statistics 
pertinent  to  the  Beaver  River  R.A.  Data  from  stations  based  within  and  out¬ 
side  of  the  Beaver  River  R.A.  were  used  in  the  development  of  this  climatologi¬ 
cal  analysis.  The  results  of  the  data  compilation  are  presented  in  tables  and 
maps  with  accompanying  discussions  to  provide  the  complete  picture  of  the 
existing  climate  of  the  area.  Topographic  overlays  for  the  Resource  Area  are 
provided  to  facilitate  the  correlation  of  the  primary  climatic  variables  with 
topographic  features. 

3.1  PRINCIPLES  OF  CLIMATOLOGY 

3.1.1  Energy 

The  energy  expended  in  atmospheric  processes  is  originally  derived 
from  the  sun.  This  transfer  of  energy  from  the  sun  to  the  earth  and  its  atmo¬ 
sphere  is  the  result  of  radiational  heat  by  electromagnetic  waves.  The  radia¬ 
tion  from  the  sun  has  its  peak  of  energy  transmission  in  the  visible  range 
(0.4  to  0.7  microns)  of  the  el ectromagnetic  spectrum  (see  Figure  3.1-1)  but 
releases  considerable  energy  in  the  ultraviolet  and  infrared  regions  as  well. 
The  greatest  part  of  the  sun's  energy  is  emitted  at  wave  lengths  between  0.1 
and  30  microns.  Some  of  this  radiation  is  reflected  from  the  tops  of  clouds 
and  from  the  land  and  water  surfaces  of  the  earth.  The  general  term  for  this 
reflectivity  is  the  albedo.  For  the  earth  and  atmosphere  as  a  whole,  the 
albedo  is  36  per  cent  for  mean  conditions  of  cloudiness  over  the  earth. 
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Figure  3.1-1 

Electromagnetic  Spectrum 


Seinfeld,  J.H.,  Air  Pollution: 
Physical  &  Chemical  Fundamentals 
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Wavelength  X 


This  reflectivity  is  greatest  in  the  visible  range  of  wavelengths. 
When  light  (or  radiation)  passes  through  a  volume  containing  particles  whose 
diameter  is  smaller  than  the  wavelength  of  the  light,  scattering  of  a  portion 
of  this  light  takes  place.  Shorter  wavelengths  scatter  most  easily  because 
they  have  a  greater  probability  of  contacting  scattering  particles.  This  is 
the  reason  the  scattered  light  from  the  sky  appears  blue.  Sunlight,  near  sun¬ 
rise  and  sunset,  passes  through  a  greater  path-length  of  the  atmosphere.  The 
sky  appears  more  red  at  these  times  because  the  increased  path  length  raises 
the  probability  that  shorter  wavelengths  are  scattered  early  in  the  path 
length  and  longer  wavelengths  are  visibile. 

Absorption  of  solar  radiation  by  some  of  the  gases  in  the  atmosphere 
(notably  water  vapor)  also  takes  place  as  shown  in  Figure  3.1-2.  Water  vapor, 
although  comprising  only  3  per  cent  of  the  atmosphere,  on  the  average  absorbs 
about  six  times  as  much  solar  radiation  as  all  other  gases  combined.  Conse¬ 
quently,  the  amount  of  radiation  received  at  the  earth's  surface  is  consider¬ 
ably  less  than  that  received  above  the  atmosphere. 

The  earth  also  radiates  energy  in  proportion  to  its  temperature.  Be¬ 
cause  of  the  earth's  temperature,  the  maximum  emission  occurs  at  about  10 
microns,  which  is  in  the  infrared  region  of  the  spectrum  (see  Figure  3.1-1). 
The  gases  of  the  atmosphere  absorb  some  wave  length  regions  of  this  radiation. 
Water  vapor  absorbs  strongly  between  5.5  and  7  microns  and  at  greater  than  27 
microns  but  is  essentially  transparent  from  8  to  13  microns.  Carbon  dioxide 
absorbs  strongly  between  13  and  17.5  microns.  Because  the  atmosphere  absorbs 
much  more  of  the  terrestrial  radiation  than  solar  radiation,  some  of  the  heat 
energy  of  the  earth  is  conserved.  This  is  the  "greenhouse"  effect. 

Figure  3.1-3  shows  the  amount  of  solar  radiation  absorbed  by  the 
earth  and  atmosphere  compared  to  the  long  wave  radiation  leaving  the  atmospher- 
e  as  a  function  of  latitude.  The  sine  of  the  latitude  is  used  as  the  abscissa 
to  represent  area.  It  can  be  seen  that  if  there  were  no  transfer  of  heat  pole- 
ward,  the  equatorial  regions  would  continue  to  gain  heat  and  the  polar  regions 


7 


Figure  3.1-2 

Absorption  Spectra  for  the  Atmosphere 


Source:  Miller  (1966)  as  cited  in  Seinfeld,  J.H.,  Air  Pollution: 
Physical  &  Chemical  Fundamentals. 
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A  Solar  Radiation  Absorbed  by  Earth  and  Atmosphere 
B  Long  Wave  Radiation  Leaving  the  Atmosphere 


Figure  3.1-3 
Global  Radiation  Balance 


9 


would  continue  to  cool.  However,  annual  average  temperatures  do  remain  nearly 
constant  because  of  this  poleward  transfer  of  heat. 

3.1.2  The  General  Circulation 

The  previous  section  has  indicated  the  necessity  of  transfer  of  heat 
from  the  warm  equatorial  regions  to  the  cold  polar  regions  in  order  to  main¬ 
tain  the  heat  balance  of  the  atmosphere.  This  thermal  driving  force  is  the 
main  cause  of  atmospheric  motion  (winds)  on  the  earth.  The  portion  of  the 
earth  near  the  equator  acts  as  a  heat  source  and  the  polar  regions  as  a  heat 
sink.  The  atmosphere  functions  as  a  heat  engine  transform!* ng  the  potential 
energy  of  heat  difference  between  tropics  and  poles  to  kinetic  energy  of  mo¬ 
tion  (wind  energy)  which  transports  heat  poleward  from  source  to  sink. 

If  the  earth  did  not  rotate,  rising  air  above  the  equator  would  move 
poleward  continually  giving  up  some  of  its  heat  until  the  time  it  would  sink 
and  return  toward  the  equator  as  a  surface  current.  Since  the  earth  does  ro¬ 
tate,  the  winds  in  the  northern  hemisphere  are  deflected  to  the  right  (called 
the  Coriolis  force).  Therefore  flow  from  the  tropics  toward  the  poles  become 
more  westerly  and  flow  from  the  poles  toward  the  equator  tends  to  become  east¬ 
erly.  The  result  is  that  more  of  the  motion  is  around  the  earth  (zonal)  with 
less  than  one-tenth  of  the  motion  between  the  poles  and  the  equator.  The 
meridional  (along  meridians,  i.e.,  between  poles  and  equator)  circulation  is 
broken  into  three  cells  shown  in  Figure  3.1-4.  Utah  lies  in  the  temperate 
zone  of  the  globe  (between  30°  and  60°N  latitude);  therefore,  the  general  air 
circulation  is  from  west  to  east.  Of  considerable  importance  is  the  fact  that 
the  jet  stream  (i.e.,  a  core  of  high  winds  usually  50  miles  per  hour  or  more 
which  is  embedded  in  the  westerlies  in  the  high  troposphere)  does  not  remain 
long  in  one  position  but  meanders  north  and  south  and  is  constantly  changing 
position,  moving  northward  in  winter  and  southward  in  summer  in  the  Northern 
Hemisphere.  This  causes  changes  in  the  location  of  the  polar  front  and  per¬ 
turbations  along  the  front.  The  migrating  cyclones  (counter-clockwise  circu¬ 
lation  of  the  wind-low  pressure  areas)  and  anticyclones  (clockwise  circulation 
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POLAR  TROPOPAUSE 


Figure  3.1-4 

General  Circulation  Model  (after  Palmen) 
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of  the  wind-high  pressure  areas)  which  result,  play  an  important  part  in  the 
heat  exchange,  transferring  heat  northward  both  as  sensible  heat  and  also 
latent  heat.  Also,  a  small  amount  of  heat  is  transferred  poleward  by  the 
ocean  currents. 

3.1.3  Topographic  Influences 

In  many  cases,  the  dominant  air  flow  is  more  dependent  on  the  local 
topography  than  the  general  circulation.  In  mountainous  terrain,  the  follow¬ 
ing  effects  commonly  occur: 

•  Channel i nq 

Although  the  more  extreme  effects  of  a  valley  location  occur  when  the 
general  flow  is  light,  valleys  tend  to  channel  the  general  flow  along 
the  valley  axis  resulting  in  a  bi-directional  wind  frequency  distribu¬ 
tion. 

•  Slope  and  Valley  Winds 

When  the  general  wind  flow  is  light  and  skies  are  clear,  the  differ¬ 
ences  in  rates  of  heating  and  cooling  of  various  portions  of  the  val¬ 
ley  floor  and  sides  cause  slight  density  and  pressure  differences  re¬ 
sulting  in  small  circulations.  During  the  evening  hours  radiational 
heat  from  the  Earth's  surface  and  the  resultant  cooling  of  the  ground 
and  air  adjacent  to  the  ground  causes  density  changes.  The  air  at 
point  A  (Figure  3.1-5)  is  more  dense  than  at  point  B  since  point  A  is 
nearer  the  radiating  surface.  Therefore,  the  more  dense  air  at  point 
A  tends  to  flow  in  the  general  direction  of  B  and  similarly  at  other 
points  along  the  slope.  This  is  the  slope  wind. 

If  the  slope  in  Figure  3.1-5  is  a  side  of  a  valley  as  in  Figure 
3.1-6,  the  cold  air  moving  down  the  slopes  will  tend  to  drain  into 
the  valley  floor  and  deepen  with  time,  intensifying  the  radiation 
inversion  that  would  form  even  without  the  addition  of  cold  air.  Any 
pollutants  that  are  emitted  into  this  air,  because  of  the  inversion 
structure,  will  have  very  limited  vertical  motion. 
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Figure  3.1-5 
Slope  Wind 


Figure  3.1-6 
Valley  Inversion 


Figure  3.1-7 
Valley  Wind 
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If,  in  addition,  the  valley  floor  has  some  slope,  the  cold  air  will 
have  a  tendency  to  move  downhill  along  the  valley  axis.  This  is 
usually  referred  to  as  the  valley  wind  (see  Figure  3.1-7).  Because 
of  the  necessity  of  some  accumulation  of  cold  air  from  slope  winds, 
the  onset  of  the  valley  wind  usually  lags  several  hours  behind  the  on¬ 
set  of  the  slope  wind. 

The  steeper  the  slopes  of  the  valley,  the  stronger  the  slope  wind  can 
become.  Vegetation  will  tend  to  reduce  the  effect  by  impeding  the 
flow  and  also  restricting  the  amount  of  radiation  that  can  take 
pi  ace. 

On  a  clear  day  with  light  winds,  the  heating  of  the  valley  may  cause 
upslope  and  upvalley  winds.  However,  the  occurrence  of  upslope  and 
upvalley  winds  is  not  as  frequent  nor  as  strong  as  the  downslope  and 
downvalley  winds,  principally  due  to  the  fact  that  downslope  and  down- 
valley  winds,  because  of  their  density,  hug  the  surfaces  over  which 
they  travel.  Flow  in  complex  valley  systems  where  several  valleys 
merge  at  angles  or  slopes  varies,  usually  require  special  observa¬ 
tions  to  determine  flow  under  various  meteorologic  conditions. 

Inversions  Aloft 

The  trapping  of  air  pollutants  beneath  inversions  aloft  is  also  a 
problem  encountered  in  valleys.  Two  types  of  inversions,  warm 
frontal  and  subsidence  inversions,  are  of  particular  concern  since 
they  are  usually  slow  moving.  High  pollutant  concentrations  may 
occur  particularly  if  the  layer  of  air  beneath  the  inversion  becomes 
unstable  enough  to  mix  pollutants  from  elevated  sources  to  ground 
level  (Hewson,  et  al . ,  1961). 
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3.1.4  Temperature 


•  Variation  with  Height 

In  the  lower  region  of  the  atmosphere  extending  from  the  surface  to 
about  2  km  (6600  ft.),  the  temperature  distribution  varies  consider¬ 
ably  depending  upon  the  character  of  the  underlying  surface  and  upon 
the  amount  of  radiation  at  the  surface.  Within  this  region,  the  tem¬ 
perature  may  decrease  with  height  or  it  may  actually  increase  with 
height  (inversion).  This  region,  commonly  called  the  lower  tropos¬ 
phere,  is  the  region  of  greatest  interest  in  air  pollution  meteor¬ 
ology.  The  remainder  of  the  troposphere  is  typified  by  a  decrease  of 
temperature  with  height  on  the  order  of  4  to  8°C  per  km.  The  strat¬ 
osphere  is  a  region  with  isothermal  (constant  temperature  with  in¬ 
creasing  height)  or  slight  inversion  lapse  rates.  The  layer  of  tran¬ 
sition  between  the  troposphere  and  stratosphere  is  called  the  tropo- 
pause.  The  tropopause  varies  in  height  from  about  8  to  20  km  (26,000 
to  66,000  ft.),  and  is  highest  near  the  equator,  lowest  near  the 
poles.  Figure  3.1-8  indicates  typical  temperature  variations  with 
height  at  60°  latitude  for  summer  and  winter  in  the  troposphere  and 
lower  stratosphere. 

Above  the  stratosphere ,  the  high  atmosphere  has  several  layers  of  dif¬ 
fering  characteristics.  A  rough  indication  of  the  variation  of  tem¬ 
perature  with  height  including  the  high  atmosphere  is  shown  in  Figure 

3.1-9. 

•  Horizontal  Variation 

Temperature  also  varies  horizontally  particularly  with  latitude, 
being  colder  near  the  poles  and  warmer  near  the  equator.  However, 
the  influence  of  continents  and  oceans  have  considerable  effects  on 
modifying  temperatures .  The  continents  have  more  extreme  tempera¬ 
tures  (continental  climate)  becoming  warmer  in  summer  and  colder  in 
winter,  whereas  the  oceans  maintain  a  more  moderate  temperature 
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Variation  of  Temperature  with  Height  at  60°  North  Latitude 
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Figure  3.1-9 

General  Variation  of  Temperature  with  Height  Throughout 

the  Atmosphere 
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(marine  or  maritime  climate)  year-round.  Thus,  locations  in  the  U.S. 
interior,  such  as  Utah,  are  considered  to  have  a  continental  climate 
and  locations  near  the  oceans  are  considered  maritime. 

•  Variation  with  Altitude  and  Exposure 

Utah's  diverse  topography  has  the  effect  of  providing  a  wide  range  of 
temperatures  even  within  a  short  distance.  A  case  demonstrating  this 
point  involves  the  average  date  of  the  last  occurrence  of  32°F  in 
spring  and  its  first  occurrence  in  fall  (freeze-free  season).  At 
Salt  Lake  City,  the  average  dates  of  this  freeze-free  season  is  April 
12  to  October  31.  At  the  Salt  Lake  City  Airport,  the  average  dates 

V 

are  April  30  and  October  13.  Several  factors  contribute  to  the  extra 
36  freeze-free  days  at  Salt  Lake.  These  include  the  fact  that  the 
Salt  Lake  City  data  were  taken  on  top  of  a  building  being  more  repre¬ 
sentative  of  temperatures  a  little  higher  on  the  bench.  Conversely, 
the  airport  station  is  located  near  the  lowest  portion  of  the  Salt 
Lake  Valley,  and  thus  subjected  to  minimum  temperatures . 

3.1.5  Winds 

Wind  is  nothing  more  than  air  in  motion  and  although  it  is  a  motion 
in  three  dimensions,  usually  only  the  horizontal  component  is  considered  in 
terms  of  direction  and  speed.  In  the  free  atmosphere  (above  the  effects  of 
the  Earth's  friction),  two  forces  are  important.  One,  the  Coriolis  force,  is 
due  to  the  tendency  for  the  air  to  move  in  a  straight  path  while  the  Earth 
rotates  underneath  thereby  deflecting  the  wind  to  the  right  in  the  northern 
hemisphere  and  to  the  left  in  the  southern  hemisphere.  The  deflection  is  pro¬ 
portional  to  the  wind  velocity,  and  decreases  with  latitude.  The  other  force 
affecting  the  horizontal  wind  component  is  the  pressure  gradient  force,  which 
directs  flow  from  high  to  low  pressure.  Above  the  friction  layer,  in  regions 
where  the  lines  of  constant  pressure  (isobars)  are  straight  and  the  latitude 
is  greater  than  20°,  the  two  forces  are  in  balance  (See  Figure  3.1-10)  and  the 
wind  blows  parallel  to  the  isobars.  Where  isobars  are  curved,  the  forces  are 
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Balance  of  Forces  in  the  Upper  Atmosphere 
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Figure  3.1-11 

Balance  of  Forces  in  the  Lower  (Friction  Layer)  Atmosphere 
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not  in  balance,  their  resultant  producing  a  centripetal  accel erat i on.  In  the 
lowest  portion  of  the  atmosphere  frictional  drag  (not  due  to  molecular  fric¬ 
tion  but  to  eddy  viscosity)  slows  down  the  wind  speed,  and  because  the 
Coriolis  force  is  proportional  to  the  wind  speed,  reduces  the  Coriolis  force. 
The  balance  of  forces  under  frictional  flow  is  shown  in  Figure  3.1-11.  It 
will  be  noted  that  under  frictional  flow  the  wind  has  a  component  across  the 
isobars  toward  lower  pressure. 

3.1.6  Anticyclones  and  Cyclones 

Migrating  areas  of  high  pressure  (anticyclones)  and  low  pressure 
(cyclones)  and  the  fronts  associated  with  the  latter  are  generally  responsible 
for  the  day  to  day  changes  in  weather  that  occur  over  most  of  the  mid-latitude 
regions  of  the  Earth.  The  low  pressure  systems  in  the  atmospheric  circulation 
are  related  to  perturbations  along  the  jet  stream  (the  region  of  strongest 
horizontal  temperature  gradient  in  the  upper  troposphere  and  consequently  the 
region  of  strongest  winds)  and  form  along  frontal  surfaces  separating  masses 
of  air  having  different  temperature  and  moisture  characteristics.  One  of  the 
favorite  winter  routes  for  the  temperate  zone  jet  stream  is  in  the  vicinity  of 
Utah.  The  evolution  of  a  low  pressure  system  is  accompanied  by  the  formation 
of  a  wave  in  the  circulation  pattern.  This  develops  further  into  a  warm  front 
and  a  cold  front  both  moving  around  the  low  in  a  counterclockwise  (cyclonic) 
direction.  The  life  cycle  of  a  typical  cyclone  is  shown  in  Figure  3.1-12. 
The  cold  front  is  a  transition  zone  between  warm  and  cold  air.  The  cold  air 
typically  is  moving  toward  and  over  the  area  previously  occupied  by  warm  air. 
Cold  fronts  generally  have  quite  steep  slopes,  the  effect  of  which  is  rapidly 
rising  wanning  air  and  intermittent  showery  precipitation.  The  more  gentle 
slope  of  the  warm  front  is  conducive  to  a  more  persistent,  less  intense  rain. 
Figure  3.1-13  illustrates  a  vertical  cross  section  through  both  a  warm  and  a 
cold  front.  As  a  cold  front  overtakes  a  warm  front,  an  occluded  front  is 
formed  (as  in  Figure  3. 1-12  0  and  E).  Utah  is  affected  primarily  by  cold  and 
occluded  fronts.  Stationary  fronts  (those  which  move  with  a  speed  less  than  5 
knots)  occur  only  occasionally  and  warm  fronts  are  quite  rare  over  the  State. 
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Figure  3.1-12 

Idealized  Development  of  a  Low-Pressure  (cyclone)  System 


20 


Figure  3.1-13 

Cross  Section  Through  an  Idealized  Cold  Front 

and  a  Warm  Front 
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3.1.7  Air  Masses 


Air  masses  are  frequently  divided  by  frontal  systems  and  are  usually 
classified  according  to  the  source  region  of  their  recent  history.  Air  masses 
are  classified  as  maritime  or  continental  to  indicate  origin  over  the  ocean  or 
land,  and  arctic,  polar,  or  tropical  depending  principally  on  the  latitude  of 
origin.  Air  masses  are  modified  by  vertical  motions  and  radiation  upon  the 
surfaces  over  which  they  move.  For  example,  during  winter  air  masses  which 
travel  over  the  vast  snow-covered  plains  of  northern  Canada  become  extremely 
dry  and  cold.  This  enhances  the  dry  snows  (low  water  content)  which  frequent 
the  western  parts  of  the  State.  Likewise,  air  masses  which  originate  in  the 
Gulf  of  Mexico  become  warm  and  moist  often  bringing  these  conditions  to  the 
eastern  portion  of  the  State. 

3.1.8  Condensation,  Clouds,  and  Precipitation 

Condensation  of  water  vapor  upon  suitable  nuclei  in  the  atmosphere 
causes  clouds.  (Table  3.1-1  indicates  the  relative  sizes  of  different  par¬ 
ticles.)  Large  hygroscopic  nuclei  have  a  high  affinity  to  water  vapor  and 
will  condense  water  vapor  upon  them  even  before  saturation  is  reached;  such 
hygroscopic  particles  are  called  condensation  nuclei.  Crystal  1 i zat i on  nuclei 
are  also  present  in  the  atmosphere  and  promote  the  growth  of  ice  crystals,  at 
the  expense  of  small  water  droplets  within  a  super-cooled  cloud.  Of  course, 
only  a  small  proportion  of  all  clouds  produce  rain.  It  is  necessary  that 
droplets  increase  in  size  so  that  they  will  have  appreciable  fall  velocity  and 
also  to  prevent  complete  evaporation  of  the  drops  before  they  reach  the 
ground.  Growth  of  water  droplets  into  rain  drops  large  enough  to  fall  is 
thought  to  originate  predominantly  with  the  large  condensation  nuclei  which 
grow  larger  as  they  fall  through  the  cloud.  The  presence  of  an  electromag¬ 
netic  field  in  clouds  generally  promotes  the  growth  of  raindrops. 
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Table  3.1-1 


Sizes  of  Particles 


Parti  cl es 

Diameter  (microns)* 

Small  ions 

less  than  10~3 

Medium  ions 

10'3  to  5  X  10"2 

Large  ions 

5  X  10"2  to  2  X  10'1 

Aitken  nuclei 

5  X  10"2  to  2  X  10"1 

Smoke,  haze,  dust 

►— * 
o 

1 

1 — » 

r+ 

O 

no 

Large  condensation  nuclei 

2  X  lCT1  to  10 

Giant  condensation  nuclei 

10  to  30 

Cloud  or  fog  droplets 

1  to  100 

Drizzle  drops 

100  to  500 

Rai ndrops 

500  to  4000 

1  Micron  =  3.94  X  10~3  inches 

Precipitation  in  Utah  may  be  attributed  to  four  main  causes: 


•  Frontal  activity  accounts  for  most  winter  precipitation  in  Utah. 

Such  storms  develop  in  the  Gulf  of  Alaska  and  move  southeastward. 
The  majority  of  moisture  will  be  depleted  as  precipitation  on  the 
western  slopes  of  mountains.  Therefore,  locations  on  the  western 
slopes  of  the  Wasatch  Mountains  and  Wasatch  Plateau  receive  signifi¬ 
cantly  more  precipitation  from  frontal  activity  than  locations  to  the 
east . 

•  Thunderstorms  are  most  common  during  the  summer  months.  These  brief, 
intense  storms  result  from  the  influx  of  warm,  moist  air  from  the 
Gulf  of  Mexico.  Areas  east  of  the  Wasatch  Plateau  are  subject  to  a 
greater  share  of  thunderstorm  activity  and  thus,  more  summer  precipi¬ 
tation  than  areas  further  west. 

•  Closed  lows  are  the  product  of  a  closed  counterclockwise  circulation 

aloft.  These  are  most  common  in  May  and  October,  the  transition 
period  between  predominant  air  circulation  from  the  Gulf  of  Alaska 
and  from  the  Gulf  of  Mexico.  The  closed  low  pressure  circulation 
produces  an  upward  displacement  of  low  level  air  and  heavy  precipita¬ 
tion  often  results.  This  accounts  for  a  fair  percentage  of  total 

precipitation  in  the  State. 

•  Orographic  precipitation  is  produced  when  moist  air  moves  up  a  slope, 
cools  and  produces  precipitation.  This  effect  often  occurs  in  con¬ 
junction  with,  and  therefore  increases,  the  precipitation  from  other 
activities.  Orographic  precipitation  occurs  throughout  the  year. 
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3.2 


SOURCES  OF  CLIMATOLOGICAL  DATA 


It  is  necessary  in  the  consideration  of  most  climatological  problems 
to  obtain  meteorological  information.  Frequently,  a  special  observational  pro¬ 
gram  must  be  initiated  to  collect  the  required  data.  However,  there  are  many 
situations  where  current  or  past  meteorological  records  from  a  National 
Weather  Service  (NWS)  station  will  suffice.  The  following  outline  provides  a 
brief  insight  into  the  types  of  observations  taken  at  Weather  Service  stations 
and  some  of  the  summaries  compiled  from  these  data.  The  discussion  also 
serves  to  describe  the  bulk  of  the  published  data  sources  used  in  the  Wyoming 
analysis.  Many  other  data  sources  used  in  this  report  are  noted  in  the  bibli¬ 
ography  as  appropriate. 

3.2.1  Observations  and  Records 

3.2. 1.1  Surface 

•  First  Order  Stations 

There  are  about  100  NWS  stations  where  24  hourly  surface  observations 
are  taken  daily.  The  data  collected  include:  dry  and  wet  bulb  tem¬ 
perature  (from  which  dew  point  temperature  and  relative  humdity  are 
calculated),  pressure,  wind  direction  and  speed,  cloud  cover  and  vis¬ 
ibility.  These  observations  are  transmitted  each  hour  on  weather 
teletype  circuits.  The  data  are  also  entered  on  forms  which  are  sent 
to  the  National  Climatic  Center  (NCC)  in  Asheville,  North  Carolina. 
Duplicate  copies  are  maintained  in  the  station  files.  Each  station 
also  maintains  a  climatological  record  book  where  certain  tabulations 
of  monthly,  daily,  and  hourly  observations  are  recorded.  First  order 
stations  in  Utah  include  Salt  Lake  City  and  Milford. 
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•  Military  Installations 

Many  military  installations  take  hourly  observat ions .  These  are 
transmitted  on  military  teletype  circuits  and  not,  therefore,  avail¬ 
able  for  general  use.  No  routine  publications  of  these  data  are  pre¬ 
pared.  The  observations  are  sent,  however,  to  NCC  where  special  sum¬ 
maries  can  be  produced. 

•  Cooperative  Stations 

There  are  about  10,000  of  these  stations  located  throughout  the 
United  States.  The  observations,  taken  once  each  day  by  volunteer 
observers  consist  of  maximum  and  minimum  temperatures  and  24  hour 
rainfall.  A  few  cooperative  stations  collect  additional  data  on 
evaporation  and  wind.  However,  the  wind  observations  are  taken  only 
a  few  inches  off  the  ground  and  are  of  use  mainly  in  connection  with 
the  evaporation  measurements .  Observations  are  recorded  on  forms 
which  are  sent  to  NCC.  A  detailed  description  of  Utah  Cooperative 
Stations  is  provided  in  Table  3.2-1. 

•  Fire  Weather  Service  Stations 

There  are  a  number  of  special  stations  maintained  during  certain 
times  of  the  year  in  forested  regions  where  measurements  of  wind, 
relative  humidity,  and  cloud  cover  are  taken.  These  data  are  col¬ 
lected  and  summarized  by  the  National  Fire  Weather  Data  Library  in 
Fort  Collins,  Colorado. 

3. 2. 1.2  Upper  Air 

There  are  nearly  70  stations  in  the  contiguous  United  States  where 
upper  air  observations  are  taken  twice  daily  (at  0000  Greenwich  Meantime  (GMT) 
and  1200  GMT).  Ogden  Hill  Air  Force  Base  and  Salt  Lake  City  are  the  only  such 
stations  in  Utah.  Measurements  include  temperature,  pressure,  relative  humid¬ 
ity  and  wind  speed  and  direction  at  several  levels.  These  observations  are 
transmitted  via  teletype  and  original  records  are  sent  to  NCC.  Since  these 
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Table  3.2-1  (Continued) 


§ 


1 


s 

* 

c 

6 


i 

i 

« 

i 


€> 

m 


I  04  *N 

he 

ill 

m  m  m 

•  no 


0  "FM 


aftBayi  fs  ad Aj, 


1 

1  1 

1 

1 

il - 1- 

"•A 

h  9>  © 

•  ©  • 

a 

4 

"•A 

1 

1 

4 

I 

<P°°W 

k  k  k 

l<"  I 

»*A 

u  uS|  u  o  w*  u 

4 

J 

"•A 

nosrcxr  tnoi  t»  ui 

«oq  nooo^Tp 
pm  «om»na 

M  e 

E  n 

«W  l**3  ■«» 
Up  pm  aosaxio 

*  a  ■  a  e  e  o  e  e 

3 

i  in  s  s  §i  i 

M  *P«W^1 

s  $s®  !  s  sn 

m  «nr>  —  ©  f*  «  ** 

•4  04  n4  04  *4  ^  ad  ^  PF 

ad  ad  *4  0*  *4  ad  *4  *4  04 

K  apnmr) 

e*  *4n*>  ©  «  «  n  S 

O  ^  V  t  n  04  *i  «rt  © 

•  r»r»r*  ©  ©  o 

r>  nno  ▼  ♦  <r  *  ♦ 

j»c(WT>m  —pu] 

*4  04  04  04  tt  ©  ©  «  n 

8  s s s  5  s  as  i 

o  NNM  N  r>  ©  ©  r* 

? 

k  k  • 

3  :  ii  i 

•  f  rj  04  .3 

-  ■  •MM 

%•  a  a  a  —  x  4* 

a  “1  a  1  ££  i 

J 

..  i 

*  • 

u  u  i 

•%•%  9 

04  04  J 

tD 

ui  i  g 

111  1  3 

f  III  i  3  If  a 

1  HI  H  s 

a  m  i  £  sc  a 

i 

■ 

« 

u 

l 


04 

t 

« 


33 


data  are  collected  primarily  to  determine  large  scale  upper  atmospheric  meteo¬ 
rological  patterns,  they  have  relatively  little  refinement  in  the  lower  two  to 
three  thousand  feet  of  the  atmosphere. 

3.2.2  Climatological  Data 


There  are  a  number  of  routine  and  special  publications  available  from 


the  Superintendent  of  Documents,  U.S.  Government  Printing  Office,  Washington, 
D.C.,  20402,  that  are  useful  in  climate  evaluation.  A  number  of  these  are 


listed  in  Price  List  48,  available  from  the  Superintendent  of  Documents. 


3. 2. 2.1  Routinely  Prepared  Data 


Daily  Weather  Maps  -  Weekly  Series 


The  charts  in  this  four  page,  weekly  publication  are  a  continuation 
of  the  principal  charts  of  the  former  Weather  Bureau  publication, 
"Daily  Weather  Map."  The  maps  are  copies  of  the  operational  weather 
maps  prepared  by  the  National  Meteorological  Center  in  Washington, 
D.C.  Available  maps  include: 

The  Surface  Weather  Map  which  presents  station  data  and  the 
analysis  for  7:00  a.m.  EST ; 

The  500-Millibar  Height  Contour  chart  which  presents  the  height 
contours  and  isotherms  of  the  500-millibar  surface  at  7:00  a.m. 


EST; 


The  Highest  and  Lowest  Temperatures  chart  which  presents  the 
maximum  and  minimum  values  for  the  24-hour  period  ending  at  1:00 
a .m. ,  EST ;  and 


The  Precipitation  Areas  and  Amounts  chart  which  shows  areas  of 
the  country  where  precipitation  occurred  during  the  24  hour 
period  ending  at  1:00  a.m.,  EST. 


•  Local  Climatological  Data  (LCD) 

This  publication  presents  summaries  of  data  for  all  first  order  and 
cooperative  stations.  Two  LCD  publications  are  available  from  the 


NCC : 
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Monthly  Issue  LCD  -  This  issue  gives  daily  information  on  a  num- 
ber  of  meteorological  variables  and  provides  monthly  means  of 
temperature,  heating  degree  days,  pressure  and  precipitation. 
This  publication  is  usually  available  between  the  10th  and  15th 
of  the  following  month  available  for  Salt  Lake  City  and  Milford. 

LCD  with  Comparative  Data  (annual)  -  This  issue,  published  an¬ 
nually,  presents  climatological  data  for  the  current  year  and 
normals,  means,  and  extremes  for  a  longer  period  of  record  for 
these  same  stations.  This  issue  is  usually  available  between  45 
and  60  days  after  the  end  of  the  year. 


Northern  Hemisphere  Data  Tabulations 

This  publication,  issued  daily,  contains  approximately  30  pages  of 
surface  synoptic  and  upper-air  observations.  The  surface  data  are 
for  one  hour  only  (1200  GMT). 


Cl imatol ogical  Data  -  National  Summary 

This  publication,  issued  monthly,  contains  a  narrative  summary  of 
weather  conditions,  climatological  data  for  a  variety  of  parameters, 
mean  monthly  upper-air  data  and  solar  radiation  data.  Also  included 
are  a  number  of  maps  of  the  United  States  showing  spatial  distribu¬ 
tion  of  temperature,  precipitation,  solar  radiation  and  winds. 


Climatological  Data  (by  State) 

This  summary,  issued  monthly  and  annually,  contains  temperature  and 
preci pitation  data  for  these  stations  listed  in  Table  3.2-1. 

Selected  Climatic  Maps 

This  publication  consists  of  30  U.S.  maps  of  various  meteorological 
parameters  including:  maximum  and  minimum  temperature,  heating  and 
cooling  degree  days,  precipitation,  relative  humidity,  solar  radia¬ 
tion,  and  surface  wind  roses. 
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3. 2. 2. 2  Summaries 


•  Summary  of  Hourly  Observation 

This  series  of  publications.  Cl imatography  of  the  United  States,  No. 
82-,  Decennial  Census  of  United  States  Climate,  has  been  prepared  for 
over  100  Weather  Bureau  stations  where  24  hourly  observations  are  re¬ 
corded.  One  issue  is  prepared  for  each  station  and,  where  the  period 
of  record  is  sufficient,  the  ten-year  period  1951  -  1960  has  been  pre¬ 
pared.  For  stations  where  ten  years  of  data  are  not  available,  a 
five-year  period,  1956  -  1960,  has  been  summarized.  This  series 
supersedes  the  series,  "Cl imatography  of  the  United  States"  No  30-, 
a  five-year  summary  published  in  1956. 

•  Climatic  Summary  of  the  United  States-Suppl ement  for  1931  -  1952. 

This  summary,  issued  by  state,  contains  tables  of  monthly  and  annual 
precipitation,  snowfall,  and  temperature  for  cooperative  stations 
within  the  state. 

•  Terminal  Forecasting  Reference  Manual 

This  manual  describes  the  weather  conditions  at  NWS  stations,  and 
contains  information  on  local  topography,  visibility,  preci pitation , 
special  weather  occurrences,  and  mean  wind  and  visibility  conditions. 
Numerous  charts  are  included.  Monthly  surface  wind  roses  and  wind 
rose  charts  correlated  to  restricted  visibility  conditions  are  of 
special  interest.  These  studies  have  since  been  discontinued. 

•  Key  to  Meteorological  Records  Documentation 

This  series  of  publications  was  established  to  provide  guidance  to 
those  making  use  of  observed  data.  A  recent  addition  to  this  series, 
No.  4.11,  "Selective  Guide  to  Published  Climatic  Data  Sources  Pre¬ 
pared  by  U.S.  Weather  Bureau"  (1969),  is  extremely  useful  to  those 
usi ng  cl imatic  data . 
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The  Series  No.  1.1, 
garding  the  history 
suring  instruments, 
dates  of  first  and  1 


,  "Substation  History",  contains  information 
of  station  locations,  type  and  exposure  of 
location  of  original  meteorological  records, 
ast  observations. 


re- 

mea- 

and 
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3.3 


TEMPERATURE 


Temperature  is  a  critical  climatological  parameter  for  land  manage¬ 
ment  activities.  Temperature  and  related  parameters,  such  as  precipitation 
and  the  length  of  the  growing  season,  greatly  influence  the  suitability  of 
land  areas  for  utilization  in  agriculture,  forestry  and  grazing. 

Ambient  temperatures  are  determined  by  a  multitude  of  factors,  in- 

cl uding: 


The  intensity  and  duration  of  solar  radiant  energy. 

The  degree  of  depletion  of  this  energy  by  reflection,  scattering  and 
absorption  in  the  atmosphere,  which  is  dependent  upon  the  amount  of 
moisture  and  particulate  matter  in  the  atmosphere. 

Surface  albedo  (reflection  of  incoming  solar  radiation). 

The  physical  characteristics  of  the  surface  (e.g.,  snow  and  ice1  re¬ 
flect  more  energy  than  dry  land). 

The  local  heat  budget  in  terms  of  terrestrial  and  atmospheric  radia¬ 
tion. 

Heat  exchanges  involved  in  water  phase  changes  (i.e.,  condensation, 
evaporation,  sublimation,  etc.). 

Importation  or  advection  of  warm  or  cold  air  masses  (e.g.,  influx  of 
warm,  moist  tropical  air  in  summer  and  cold  Canadian  polar  air  in 
wi  nter) . 

Transport  of  heat  upward  or  downward  by  vertical  air  currents  caused 
by  natural  convection  and/or  mechanical  turbulence  (e.g.,  thunder¬ 
storms)  . 


In  the  United  States,  temperature  is  most  commonly  measured  in 
degrees  Fahrenheit  (°F).  For  this  reason,  temperature  data  and  analyses  pre¬ 
sented  in  this  report  are  in  degrees  Fahrenheit.  There  is,  however,  an  in¬ 
creasing  trend  towards  the  use  of  degrees  Centigrade  (°C).  Table  3.3-1  pro¬ 
vides  a  summary  of  temperature  conversion  information  for  aid  in  the  usage  of 
both  systems. 
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Table  3.3-1 


TEMPERATURE  CONVERSIONS 

Temperatures  in  this  publication  are  given  in  degrees  Fahrenheit  (*F) .  The  Celsius 
(C)  temperature  scale,  also  called  Centigrade,  is  used  in  most  countries  of  the 
world.  A  temperature  conversion  scale  is  shown  on  the  left,  note  that  the  values 
coincide  only  at  the  -40  degree  mark. 


•F 

*C 

1. 

212 

100 

( Water 
\  Boils 

194 

- 

90 

The  standard  formulas  to  convert  °F  to  #C  and 
*C  to  *F  are  shown  below: 

176 

80 

*F  «  9/5  *C  ♦  32 

158 

- 

70 

#C  «  5/9  (°F  -32) 

140 

60 

2. 

. 

134 

122 

56.7 

50 

f  U.S.  Record 
{ High 

Alternate,  easy  to  remember  conversion  methods 
fol low : 

#F  «  9/5  (°C  ♦  40)  -40 

104 

40 

#C  «  5/9  (°F  ♦  40)  -40 

86 

30 

To  use  the  alternate  conversion  formulas  for 
converting  from  one  scale  to  the  other: 

68 

20 

(a)  add  40  to  the  value  to  be  converted 

50 

- 

- 

10 

1. 

i  Water 
[ Freezes 

(b)  multiply  that  sum  by  the  fraction: 

(5/9  for  °F  to  *C) 

32 

0  \ 

(9/5  for  *C  to  °F) 

14 

-10 

(c)  subtract  40  from  the  product 

For  example,  to  convert  68#F  to  *C : 

-4 

-20 

(a)  add  40:  68*40  ■  108 

-22 

-30 

(b)  multiply  the  sum  by  5/9  (°F  to  #C) : 

1  Scales 
[Coincide 

5/9x108  «  60 

-40 

-40  . 

(c)  subtract  40:  60-40  *  20 

-58 

-50 

(d)  answer:  68#F  *  20°C 

—76 

• 

• 

-60 

3. 

-94 

-70 

IU.S.  Record 

\  Low 

1.  Under  Standard  Sea  Level  Pressure 

-112 

-80 

2.  Greenland  Ranch,  CA  -  July  10,  1913 

-130 

- 

-90 

3.  Rogers  Pass,  Montana  -  January  20,  1954 

-148 

-100 
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Temperature  data  are  available  for  several  stations  in  the  Beaver 
River  R.A.;  however,  in  order  to  make  the  analysis  more  complete,  data  from 
nearby  representative  stations  in  surrounding  resource  areas  have  also  been 
used.  Resource  Area  boundaries  and  the  locations  of  the  stations  used  in  the 
temperature  and  subsequent  analyses  are  shown  in  Figure  3.3-1.  This  figure  - 
has  also  been  provided  as  an  overlay  which  can  be  used  in  conjunction  with 
subsequent  analyses. 

3.3.1  Temperature  Distribution 

The  data  presented  in  Table  3.3-2  provides  specific  temperature  in¬ 
formation  for  BLM  lands  located  within  and  near  the  Beaver  River  R.A.  How¬ 
ever,  temperature  is  a  variable  which  is  subject  to  microcl imatol ogical  ef¬ 
fects  and  the  actual  temperature  at  a  given  location  will  depend  upon  the  vari¬ 
ables  as  previously  discussed.  The  data  show  that  variability  among  stations 
within  a  particular  region  is  fairly  modest  and  that  the  average  values  pro¬ 
vided  (rounded  to  whole  numbers)  can  be  used  with  a  good  degree  of  confidence. 
Caution  when  using  these  values  is  warranted  when  the  elevation  of  a  location 
of  interest  varies  significantly  from  that  of  a  nearby  station  or  if  a  partic¬ 
ular  location  experiences  important  micro-scale  effects  ( e . g . ,  anomalous 
ground  cover  conditions).  This  table  provides  the  monthly  and  annual  mean, 
mean  maximum,  mean  minimum  and  extreme  values.  The  period  of  record  for  each 
of  these  stations  is  also  listed  in  Table  3.3-2. 

Annual  average  temperatures  range  from  a  low  value  of  34°F  at  Blow- 
hard  Mountain  to  a  high  value  of  51°F  at  Cedar  City  Steam  Plant.  This  extreme 
deviation  is  due  to  the  great  difference  in  elevation  at  these  two  sites. 
Daily  range  in  temperature  is  generally  13°  to  18°F  from  the  mean  in  January 
and  12°  to  20°F  from  the  mean  in  June.  The  highest  temperature  recorded  in 
the  area  is  106°F,  recorded  at  Wah  Wah  Range.  The  lowest  value  ( - 34 °F )  was 
measured  at  both  Milford  and  Beaver. 
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Table  3.3-2 

Temperature  Distribution  (°F)  in  the  Beaver  River  R.A. 
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Table  3.3-2  (Cont'd) 
Temperature  Distribution 
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Table  3.3-2  (Cont'd) 
Temperature  Distribution 
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3.3.2  Frost-Free  Period 

The  growing  season  varies  considerably  as  a  function  of  specific  crop 
types.  Some  types  of  vegetation  continue  to  grow  when  air  temperatures  are 
near  freezing  (32°F),  whereas  other  forms  of  plant  life  die  at  temperatures 
above  freezing.  In  general,  it  is  convenient  to  define  the  growing  season  by 
noting  the  mean  number  of  days  between  the  last  occurrence  in  spring  and  first 
occurrence  in  fall  of  specific  freezing  or  sub-freezing  temperatures,  (e.g., 
32°,  28°,  24°,  20°,  and  16°). 

Figure  3.3-2  presents  the  length  of  the  mean  growing  season  in  the 
Beaver  River  R.A.  Further  data  is  presented  in  Table  3.3-3.  As  indicated  in 
the  figure  and  table,  the  length  of  the  growing  season  varies  considerably 
throughout  the  area  yet  certain  conclusions  can  be  drawn.  The  length  of  the 
growing  season  can  be  closely  correlated  to  elevation.  Highest  elevations 
generally  exhibit  the  shortest  growing  season  due  to  lower  minimum  tempera¬ 
tures  at  night.  As  elevation  decreases,  growing  season  increases  and  reaches 
a  maximum  value  in  foothill  regions.  Valley  floors  experience  a  somewhat 
shorter  growing  season  than  foothill  areas.  This  is  caused  by  cooling  air 
which  drains  down  hillsides  at  night  and  tends  to  collect  in  the  lower  eleva¬ 
tions. 

In  the  Beaver  River  R.A.  shortest  growing  seasons  (20  days)  are  seen 
in  the  higher  elevations  of  the  Tushar  Mountains  and  near  Cedar  Breaks 
National  Monument  in  the  northeast  and  southeast  sections  of  the  R.A.,  respec¬ 
tively.  Elevations  in  these  areas  reach  10,000  to  12,000  feet  MSL.  The 
length  of  the  growing  season  increases  quite  significantly  within  a  short  dis¬ 
tance  as  elevations  decrease.  In  the  Escalante  Desert  area,  which  encompasses 
the  central  area  of  the  R.A,  the  frost-free  period  is  generally  between  80  and 
140  days.  In  the  northern  mountain  chains,  the  growing  season  again  de¬ 
creases.  These  areas  generally  have  a  growing  season  lasting  80  to  100  days. 
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Table  3.3-3 


Frost-Free  Period  or  Length  of  Growing  Season 

In  and  Near  the 

BEAVER  RIVER  R.A. 


Station, 

Period  of 

Record  and  Temperature 
Elevation  (feet)  °F 


Date  of  Last 
Spring 
Occurrence 


Date  of  First  Average  Length 
Fall  of  Growing 

Occurrence  Season  (Days) 


Beaver 

32 

6/04 

9/18 

106 

(1926-1950) 

28 

5/11 

9/30 

142 

5860 

24 

4/30 

10/12 

166 

20 

4/10 

10/27 

200 

16 

3/28 

11/08 

225 

Modena 

32 

5/25 

9/30 

128 

(1921-1950) 

28 

5/06 

10/10 

157 

5460 

24 

4/21 

10/23 

186 

20 

4/07 

11/01 

208 

16 

3/23 

11/13 

235 

Parowan 

32 

5/19 

10/03 

137 

(1927-1950) 

28 

5/03 

10/13 

163 

5975 

24 

4/19 

10/26 

190 

20 

4/02 

11/05 

217 

16 

3/18 

11/15 

242 

Cedar  City  PH 

32 

5/15 

10/05 

143 

(1924-1950) 

28 

4/28 

10/14 

169 

5680 

24 

4/17 

10/29 

195 

20 

3/30 

11/06 

221 

16 

3/14 

11/18 

248 

Milford  WBAP 

32 

5/21 

9/26 

128 

(1923-1950) 

28 

5/01 

10/06 

158 

5028 

24 

4/18 

10/18 

182 

20 

4/04 

10/29 

208 

16 

3/22 

11/06 

229 
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The  length  of  the  freeze-free  period  can  be  used  to  determine  the 
mean  dates  of  the  last  freeze  in  spring  and  the  first  freeze  in  fall  using 
Table  3.3-4.  These  dates  provided  indicate  the  50  percent  probability  level, 
thus  during  50  percent  of  all  years  the  freeze  will  occur  prior  to  the  date 
indicated  and  50  percent  will  occur  later  than  that  date. 


Table  3.3-4 

Relations  among  the  Mean  Lengths  of  the  Freeze-Free 
Seasons  and  the  Mean  Occurrance  Dates  for  the  Last 
Freeze  in  the  Spring  and  the  First  Freeze  in  the  Fall 


Meano  Lenqth 
of  32°  Freeze  Free 
Season 

(interpolated 
from  map) 

Mean  Dates  of  Occurrance 
for  Freezing  Temperature 

Last  32°  F  in 
the  Spring 

First 

the 

32°  F  in 
Fall 

Days 

Date 

Date 

0 

July 

24 

July  24 

10 

July 

19 

July  29 

20 

July 

14 

Aug 

3 

30 

July 

9 

Aug 

8 

40 

July 

4 

Aug 

13 

50 

June 

29 

Aug 

18 

60 

June 

24 

Aug 

23 

70 

June 

19 

Aug 

28 

80 

June 

14 

Sep 

2 

90 

June 

9 

Sep 

7 

100 

June 

4 

Sep 

12 

110 

May 

30 

Sep 

17 

120 

May 

25 

Sep 

22 

130 

May 

20 

Sep 

27 

140 

May 

15 

Oct 

2 

150 

May 

10 

Oct 

7 

160 

May 

5 

Oct 

12 

170 

Apr 

30 

Oct 

17 

180 

Apr 

25 

Oct 

22 

190 

Apr 

20 

Oct 

27 

200 

Apr 

15 

Nov 

1 

210 

Apr 

10 

Nov 

6 

220 

Apr 

5 

Nov 

11 

230 

Mar 

31 

Nov 

16 

Source:  Hydrologic  Atlas  of  Utah 
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3.4 


PRECIPITATION 


Precipitation  plays  a  very  important  role  in  the  effective  management 
of  large  land  areas  for  agriculture,  forest  management,  energy  development  or 
other  pertinent  interests.  Precipitation  is  one  of  the  most  basic  of  climato¬ 
logical  parameters  and  is  best  described  in  terms  of  monthly,  seasonal  and 
annual  means  and  extremes  coupled  v/ith  a  discussion  of  the  type  of  precipita¬ 
tion  experienced  in  a  given  area.  A  region  can  be  prone  to  either  general  pro¬ 
longed  rainfall  or  precipitation  occurrences  in  short,  violent  bursts,  such  as 
heavy  showers  or  thunderstorms.  The  nature  of  the  precipitation  is  almost 
equal  in  importance  to  the  amount  of  precipitation  in  terms  of  the  effective¬ 
ness  of  the  moisture  for  interests  such  as  agriculture.  In  addition,  the  type 
of  precipitation  (i.e.,  liquid  vs.  frozen)  and  the  amount  of  each  also  plays 
an  important  role. 

The  precipitation  process  is  initiated  with  the  expansion  and  cool¬ 
ing  of  ascending  air.  Therefore,  it  is  important  to  investigate  and  under¬ 
stand  the  atmospheric  conditions  that  cause  large  masses  of  air  to  spontane¬ 
ously  rise.  Three  characteristic  causes  that  can  result  in  precipitation  are: 

•  Convective  lifting  due  to  unstable  atmospheric  conditions. 

•  Orographic  or  terrai n-i nduced  lifting  of  air  masses. 

•  Large  scale  atmospheric  disturbances. 

The  three  are  not  mutually  exclusive,  and  the  precipitation  process 
is  often  initiated  by  the  joint  action  of  several  types  of  atmospheric  lifting 
processes . 

As  the  air  is  lifted,  cooling  occurs  which  promotes  condensation. 
These  water  droplets,  the  result  of  condensation  of  water  vapor  on  available 
nuclei,  must  grow  in  order  to  be  of  sufficient  mass  to  fall  as  precipitation. 
Droplet  growth  results  from  several  processes.  The  ice-crystal  process  is 
based  on  the  principal  that  the  saturation  vapor  pressure  over  ice  is  lower 
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than  that  over  water.  Therefore,  in  a  cloud  consisting  of  both  water  droplets 
and  ice  crystals,  the  ice  elements  will  grow  at  the  expense  of  nearby  water 
droplets.  The  capture  process  will  then  be  initiated.  This  process  may  also 
occur  in  clouds  where  ice  crystals  are  not  present.  It  is  a  process  whereby 
gravitation  attracts  larger  droplets  which  have  condensed  on  larger  nuclei. 
These  larger  droplets  start  to  fall  and  coalesce  or  capture  other  droplets  in 
their  path  through  collisions.  When  droplets  become  sufficiently  large,  they 
will  then  fall  to  the  ground  as  precipitation. 


Precipitation  in  Utah  may  be  attributed  to  four  main  causes: 


•  Frontal  activity  accounts  for  most  winter  precipitation  in  Utah. 

Such  storms  develop  in  the  Gulf  of  Alaska  and  move  southeastward. 
The  majority  of  moisture  will  be  depleted  as  precipitation  on  the 
western  slopes  of  mountains.  Therefore,  locations  on  the  western 

slopes  of  the  Wasatch  Mountains  and  Wasatch  Plateau  receive  signifi¬ 
cantly  more  precipitation  from  frontal  activity  than  locations  to  the 
east. 

•  Thunderstorms  are  most  common  during  the  summer  months.  These  brief, 
intense  storms  result  from  the  influx  of  warm,  moist  air  from  the 
Gulf  of  Mexico.  Areas  east  of  the  Wasatch  Plateau  are  subject  to  a 
greater  share  of  thunderstorm  activity  and  thus,  more  summer  precipi¬ 
tation  than  areas  further  west. 

•  Closed  lows  are  the  product  of  a  closed  counterclockwise  circulation 

aloft.  These  are  most  common  in  May  and  October,  the  transition 

period  between  predominant  air  circulation  from  the  Gulf  of  Alaska 
and  from  the  Gulf  of  Mexico.  The  closed  low  pressure  circulation 
produces  an  upward  displacement  of  low  level  air  and  heavy  precipi¬ 
tation  often  results.  This  accounts  for  a  fair  percentage  of  total 
precipitation  in  the  State. 

•  Orographic  precipitation  is  produced  when  moist  air  moves  up  a  slope, 
cools  and  produces  precipitation.  This  effect  often  occurs  in  con¬ 
junction  with,  and  therefore  increases,  the  precipitation  from  other 
activities.  Orographic  precipitation  occurs  throughout  the  year. 

The  following  sections  provide  a  detailed  breakdown  of  precipitation 
amounts,  types  and  frequencies.  Seasonal  and  annual  means  and  extremes  are 
provided  as  well  as  rainfall  intensity,  snowfall,  and  a  detailed  discussion  on 
floods  and  droughts.  More  unusual  types  of  precipitation,  such  as  hail,  are 
discussed  in  the  section  on  severe  weather. 
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3.4.1  Monthly  and  Annual  Distribution 


Precipitation  in  Utah  is  primarily  the  result  of  the  influence  of 
maritime  Pacific  air  and  orographic  influences  imposed  by  the  substantial  ter¬ 
rain  within  the  region.  The  Pacific  Ocean  serves  as  the  major  moisture  source 
for  precipitation  in  the  State,  especially  with  winter  and  spring  low  pressure 
systems.  However,  Gulf  Coast  moisture  also  contributes  somewhat  to  the  amount 
of  moisture  in  Eastern  Utah. 

Figure  3.3-1  presents  a  base  map  which  includes  the  selected  stations 
for  which  precipitation  data  are  available.  Annual  precipitation  averages  for 
each  of  these  stations  have  been  analyzed  for  the  Beaver  River  R.A.  as  shown 
in  Figure  3.4-1.  This  figure  may  be  used  in  conjunction  with  the  topographic 
overlay  provided  in  the  jacket  pocket. 

The  figure  shows  that  annual  rainfall  in  the  Beaver  River  R.A.  ranges 
from  8  to  40  inches  per  year.  Highest  values  occur  in  the  southeast  corner  of 
the  R.A.,  generally  25  to  40  inches.  Secondary  maximum  areas,  about  25  to  30 
inches,  are  seen  in  the  Tushar  Mountains  and  Mineral  Mountains  of  northeast 
Beaver  River  R.A.  In  the  Escalante  Desert  area,  precipitation  averages  range 
from  8  inches  near  Lund  and  Modena  to  about  12  inches  on  the  periphery  of  the 
higher  elevations.  Generally,  however,  precipitation  is  about  10  inches  per 
year  in  the  Escalante  Desert  area.  Table  3.4-1  details  monthly  means  and  ex¬ 
tremes  of  precipitation  and  annual  total  values. 

3.4.2  Precipitation  During  the  Growing  Season 

Precipitation  during  the  growing  season  is  an  important  parameter  to 
analyze  for  land  management  decision  making.  For  example,  ample  rainfall  is 
necessary  to  revegetate  an  area  disturbed  by  mining  activities.  If  ample 
rainfall  is  not  available,  other  alternatives  must  be  evaluated. 
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Table  3.4-1 

Monthly  &  Annual  Means  &  Extremes 
of  Precipitation  in  the  Beaver  River  R.A. 

JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANNUAL  PERIOD  OF  RECORD 
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Means  &  Extremes  of  Precipitation 
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Table  3.4-1  (cont'd) 

Means  &  Extremes  of  Precipitaion 

JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  ANNUAL  PERIOD  OF  RECORD 
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Average  May  to  September  rainfall  has  been  analyzed  in  Figure  3.4-2. 
The  figure  shows  that  about  one-half  of  the  annual  precipitation  falls  during 
the  May  to  September  period  in  the  Escalante  Desert.  A  slightly  lower  per¬ 

centage  of  the  annual  amount  falls  in  the  northern  mountain  chains  and  an  even 
lower  percentage  in  the  Cedar  Breaks  National  Monument  area.  In  these  higher 
elevations,  snowfall  accounts  for  a  larger  portion  of  the  annual  average. 
Table  3.4-2  provides  means  and  extremes  of  precipitation  for  the  32°,  28°  and 
24°  frost-free  seasons  as  described  in  Section  3.3.2. 

The  length  of  the  freeze-free  period  can  be  used  to  determine  the 
mean  dates  of  the  last  freeze  in  spring  and  the  first  freeze  in  fall  using 

Table  3.3-4.  These  dates  provided  indicate  the  50  percent  probability  level, 
thus,  50  percent  of  the  years  the  freeze  will  occur  prior  to  the  date  indi¬ 
cated  and  50  percent  will  occur  later  than  that  date. 

3.4.3  Rainfall  Frequency  and  Intensity 

An  analysis  of  rainfall  intensity  for  selected  areas  offers  added  in¬ 
sight  into  regional  precipitation  characteristics.  Rainfall  frequency  and  in¬ 
tensity  studies,  sometimes  referred  to  as  pluvial  indices,  provide  an  under¬ 
standing  of  the  nature  of  precipitation  in  a  given  region.  Isopluvial  maps 
facilitate  an  evaluation  of  rainfall  intensity  for  particular  areas  over  selec¬ 
ted  time  periods.  Isohyet  analyses  coupled  with  isopluvial  studies  provide  an 
indication  of  the  nature  of  the  precipitation  means  for  the  area,  i.e.,  fre¬ 
quent  light  rains  versus  sporadic  heavy  rainstorms. 

Figures  3.4-3  through  3.4-14  provide  isopluvial  (line  drawn  through 
geographic  points  having  the  same  precipitation  amount  likely  to  be  equalled 
or  exceeded  during  a  given  time  period)  analyses  as  published  in  the  Precipita¬ 
tion  Frequency  Intensity  Atlas  of  the  Western  U.S. -Volume  VI,  Utah.  These  fig¬ 
ures  provide  information  for  the  following  return  periods,  rainfall  duration 
times  and  May  to  October  probability  levels: 
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§  2  year-6  hour  precipitation 

•  10  year-6  hour  precipitation 

•  25  year-6  hour  precipitation 

•  50  year-6  hour  precipitation 

•  2  year-24  hour  precipitation 

t  10  year-24  hour  precipitation 

•  25  year-24  hour  precipitation 

t  50  year-24  hour  precipitation 

t  50  percent  probability-6  hour  precipitation 

t  20  percent  probability-6  hour  precipitation 

•  50  percent  probabil ity-24-hour  precipitation 

§  20  percent  probabil ity-24-hour  precipitation 

Figures  3.4-3  through  3.4-10  present  precipitation  amounts  which  may 
occur  during  designated  time  periods  based  on  recurrence  intervals  of  2,  10, 
25,  or  50  years.  For  example.  Figure  3.4-3  provides  isopluvials  of  expected 
precipitation  amounts  for  a  6-hour  period,  that  would  be  experienced  at  least 
once  in  a  2-year  time  frame.  The  isoline  intervals  provided  on  these  maps  were 
designed  to  provide  a  reasonably  complete  description  of  isopluvial  patterns 
in  various  regions  of  the  State.  These  analyses  include  all  types  of  precipi¬ 
tation,  i.e.,  rain,  snow,  hail,  etc.  Dashed  intermediate  lines  are  placed  be¬ 
tween  the  normal  isopluvial  intervals  where  a  linear  interpolation  would  lead 
to  erroneous  results.  Cross-hatched  areas  show  local  minima. 

Figures  3.4-11  through  3.4-14  delineate  precipitation  values  for  May 
through  October  and  thus  are  applicable  to  the  growing  season.  These  analyses 
do  not  delineate  precipitation  type,  but  approximate  the  values  that  would  be 
obtained  by  using  a  data  series  made  up  of  precipitation  events  that  are  exclu¬ 
sively  rain.  Since  data  for  only  part  of  the  year  are  used,  these  maps  have 
been  labeled  with  approDriate  probabilities  rather  than  with  a  return  period 
in  years.  Thus,  Figure  3.4-11  indicates  the  amount  of  rainfall  expected  to 
occur  at  the  various  locations  during  the  May  to  October  period  with  a  50 
percent  probability. 


62 


ky . 


63 


>  o 


64 


65 


>  C3 


66 


67 


68 


>  o 


69 


>  C3 


70 


- 


>  CJ3 


71 


72 


73 


74 


Analyses  are  based  on  various  topographic  and  meteorological  factors. 
Topographic  features  include  elevation  of  the  station,  slope  of  terrain  near 
the  station,  distances  from  major  and  minor  barriers,  distances  and  directions 
from  moisture  sources  and  roughness  of  local  terrain.  Meteorological  factors 
for  consideration  include  normal  annual  precipitation,  number  of  thunderstorm 
days,  number  of  hours  with  precipitation  above  a  threshold  value,  percentage 
frequencies  of  various  wind  directions  and  speeds,  and  percentage  frequencies 
of  class  intervals  of  relative  humidity.  Therefore,  these  data  provide  an 
indication  of  the  degree  of  interaction  of  these  factors  at  any  particular 
location.  These  analyses  can  be  used  in  land  use  planning  decisions, 
especially  in  regards  to  hydrology  applications  such  as  calculations  of  water 
supply  and  runoff  and  predictions  of  possible  erosion,  soil  loss  and  economic 
consequenses  associated  with  very  intense  rainfall. 

Figures  3.4-3  through  3.4-14  may  be  used  in  conjunction  with  the  topo¬ 
graphic  overlay.  This  provides  an  additional  insight  as  to  the  strong  influ¬ 
ence  topography  plays  in  rainfall  intensity  (e.g.,  the  more  tightly  packed 
contours  in  the  southeast  area). 

3.4.4  Snowfall 

Snow  falls  frequently  from  November  through  May  in  all  areas  of  the 
State;  however,  snowfall  amounts  vary  considerably,  not  only  between  stations 
with  widely  varying  locations  or  elevations,  but  a  wide  variance  may  also  be 
seen  at  any  station  during  any  particular  month. 

i 

Seasonal  snowfall  means  and  extremes  (July  through  June)  and  maximum 
monthly  snowpack  depths  are  provided  in  Table  3.4-3.  Roughly  translated,  12 
of  snow  equals  1"  liquid  precipitation.  This  is  a  valuable  source  of  infor¬ 
mation  for  effective  water  use  planning  because  of  the  major  contribution  of 
snowfall  to  water  supply  and  runoff  patterns.  The  extreme  deviation  in 
monthly  and  annual  snowfall  amounts  is  quite  evident.  For  example,  annual 
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Table  3.4-3  (continued) 
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totals  at  Cove  Fort  have  ranged  from  zero  to  over  75  inches,  while  average 
values  are  a  more  moderate  42  inches.  Average  annual  snowfall  amounts  for  the 
Beaver  River  R.A.  are  provided  in  Figure  3.4-15.  The  figure  emphasizes  the 
significant  influence  topography  plays  in  determining  snowfall  amounts.  The 
Tushar  Mountains  and  the  area  near  Cedar  Breaks  National  Monument  display 
values  of  100  to  200  inches.  The  lower  elevations  of  the  Escalante  Desert 
receive  only  20  to  40  inches  per  year. 

Table  3.4-4  provides  the  number  of  days  with  one  inch  or  more  of  snow 
cover.  As  expected,  those  stations  at  higher  elevations  with  greater  western 
exposure  have  a  greater  number  of  days  with  one  inch  or  more  snow  cover.  In 
particular,  Cove  Fort,  located  above  5,700  feet  MSL,  experiences  64  days  with 
snow  cover.  Stations  in  the  Escalante  Desert  typically  have  less  than  50  days 
with  one  inch  snow  cover. 

3.4.5  Floods  and  Drought 

It  has  been  noted  that  precipitation  amounts  may  vary  considerably  at 
any  location  in  the  Beaver  River  R.A..  This  may  be  seen  in  Table  3.4-2 
(monthly  and  growing  season  means  and  extremes  of  precipitation)  and  Table 
3.4-3  (means  and  extremes  of  snowfall).  Any  unusually  large  precipitation 
events  or  series  of  events  during  a  short  time  span  may  result  in  localized 
flood  conditions.  Heavy  spring  rains,  which  contribute  to  rapid  snow  melt, 
are  a  prime  cause  of  flooding  in  Utah.  Also,  thunderstorms  often  cause  flash 
floods  in  this  area  of  Utah.  These  occur  most  frequently  from  July  through 
September.  Soil  loss  and  erosion  and  economic  losses  due  to  flash  floods  can 
often  be  devastating.  Table  3.4-5  outlines  flood  events  as  reported  by  the 
Utah  State  Climatologist. 

Although  not  indicated  in  Table  3.4-5,  an  area  of  present  concern  is 
Blawn  Wash  Canyon,  about  six  to  eight  miles  north  of  Lund.  Flash  flooding, 
probably  due  to  intense  rainfall  during  the  summer  of  1980,  had  contributed  to 
large  scale  flash  flooding.  This  resulted  in  the  formation  of  an  active  cut 
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Figure  3.4-15 

Average  Annual  Snowfall  in  the 
Beaver  Ri ver  R. A. 


Table  3.4-4 


Annual  Number  of  Days  with  One  Inch  or  More  Snow  Cover 

In  and  Near 

BEAVER  RIVER  R.A. 


Period  of  Record 

Station 

Elevation 
( feet) 

Average 

1968-1970 

Beaver 

5860 

26 

1962-1970 

Cedar  City  FAA  AP 

5610 

33 

1962-1970 

Enterpri se 

5330 

18 

1962-1970 

Milford  WB  AP 

5028 

44 

1962-1969 

Modena 

5460 

22 

1962-1970 

Parowan 

5975 

35 

1962-1970 

WahWah  Ranch 

4960 

8 

1962-1969 

New  Harmony* 

5290 

24 

1962-1970 

Black  Rock* 

4895 

13 

1968-1970 

Cove  Fort* 

5700 

64 

1963-1970 

Desert  Exp.  Range* 

5252 

21 

^Representative  of  R.A. 

Source:  National  Climatic  Center 
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Sevier  County,  over  $18,000  damage  was  done  to  farms,  roads  and 
bridges.  Young  orchards  were  destroyed  along  with  irrigation 
ditches,  pipelines  and  pumps. 
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Monroe  Canyon,  Sevier  7/9/70  A  flash  flood  resulting  from  heavy  rains  above  Monroe  Canyon 

County  5  caused  extensive  damage  to  the  local  power  plant  and  a  water  line, 

about  $20,000  damage  to  the  park  and  highway,  and  flooding  of 
local  farmland.  Total  damage  was  estimated  near  $75,000. 
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second  storm  was  more  extensive  and  caused  more  damage  than  the 
storm  of  the  15th.  Flood  damage  extended  to  Rockville  and 
Spri ngdal e. 


or  gul ley  at  the  canyon  bottom  and  well  developed  rills  down  the  canyon 
slopes.  Because  of  the  active  cut  and  developed  rills,  flooding  may  occur  in 
the  future  with  less  intense  storms  and  thus  may  become  a  reoccurring  problem 
(Wiley,  1981). 

Likewise,  when  minimal  precipitation  amounts  occur  over  a  wide  area 
for  a  significant  period  of  time,  drought  conditions  will  result.  This  is  a 
fairly  common  occurrence  in  the  State  and  usually  encompasses  a  large  area  for 
up  to  a  year  or  more;  however,  no  description  of  drought  conditions  are  pre¬ 
sently  available. 
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3.5 


EVAPORATION  AND  RELATED  PARAMETERS 


Evaporation  describes  that  portion  of  the  hydrological  cycle  respon¬ 
sible  for  the  return  of  moisture  from  the  earth  to  the  atmosphere.  Evapora¬ 
tion  is  an  important  climatological  parameter  in  terms  of  both  land  use  and 
engineering  design.  In  an  arid  area,  such  as  Utah,  potential  evaporation  (a 
measure  of  the  degree  to  which  the  weather  or  climate  of  a  region  is  favorable 
to  the  process  of  evaporation)  is  much  greater  than  in  a  humid  area.  Many  cli¬ 
matological  factors  affect  evaporation  rates.  These  factors  include  solar 
radiation,  wind,  the  vapor  pressure  difference  between  the  air  and  evaporating 
water,  the  nature  and  area  of  evaporating  surface  ( e . g - ,  soil,  vegetation, 
snow  and  ice)  and  finally,  the  availability  of  water  or  humidity  of  the  air 
(Lewis,  1978). 

The  task  of  measuring  evaporation  is  quite  difficult  considering  the 
number  of  factors  which  must  be  considered.  Therefore,  in  order  to  better 
understand  moisture  exchange  between  the  earth  and  atmosphere,  the  following 
concepts  will  be  evaluated:  pan  evaporation  and  lake  evaporation. 

3.5.1  Pan  Evaporation 

Pan  evaporation  describes  the  most  common  technique  for  determining 
evaporation  amounts.  It  is  actually  the  amount  of  water  vapor  to  escape  from 
a  U.S.  Weather  Bureau  Class  A  evaporation  pan.  Pan  evaporation  measurements 
have  been  taken  at  a  few  stations  in  the  Beaver  River  R.A.  Monthly  evapora¬ 
tion  amounts  can  be  found  in  Table  3.5-1. 

Evaporation  amounts  within  Utah  are  limited  by  precipitation  values. 
Maximum  evaporation  rates  generally  occur  during  the  summer  months  especially 
in  July,  when  the  incidence  of  solar  radiation  is  generally  at  a  maximum. 
Minimum  values  can  be  expected  during  the  winter  months,  when  solar  radiation 
is  at  a  minimum.  In  fact,  evaporation  amounts  are  so  minimal  and  sublimationn 
(the  changes  of  ice  to  water  vapor)  is  so  difficult  to  detect  that  evaporation 
measurements  in  Utah  during  the  winter  months  are  not  available. 


86 


o 

a> 

Q 


r\l 


* 

cx 


zS. 


'C, 


I  I  I 


00 

LD 

• 

C\J 


I 


+-> 

u 

o 


r-t  CO  CTl 
»d"  CO  «cf 

•  •  • 

vo  r —  ^3" 


*3"  LO  *3- 
lo  lo 

•  •  • 

«d-  lo  CM 


cr> 

cm  cn 

CO 

CM 

-M 

r-H 

'd-  0 

CO  *3" 

ro 

CL 

• 

•  • 

•  • 

• 

CD 

CO 

O 

r-H 

CVJ  CO 
i—H 

r-*  co 

LD 

</) 

<u 

c. 

CJ 

c 


CD 

o 

c 


ro  ro  o 

CVJ  1— H 


ro  lo  o 


ON  CO 
CTi  LO 

•  •  • 

03  0  rt 


CM 

r-H  CM 

CM  00  CO 

CO 

X 

LO 

cm  ro 

CM  1 — *  1 — 1 

CD 

1 — 

• 

•  • 

•  •  • 

E 

Z3 

LO 

00  CM 

O  CM  00 

CD 

'“D 

» - 1 

t — 1  < — ( 

1 — 1  1 — \ 

S_ 

• 

H-> 

«=C 

X 

• 

T - 1 

UJ  S- 

cc 

ro 

1--.  LO 

lo  cm  r — 

1 

ra 

CD 

LO 

LO  cn 

0  ro  co 

LD 

-0  CD 

Cd 

C 

• 

•  • 

•  •  • 

• 

c  z: 

LU 

13 

CO 

LO  CT> 

O  CM  1 — 

ro 

ra 

> 

1  ) 

1  * 

1 — t  1 — < 

-a 

1 — 1 

CD 

00  c 

Cd 

r— 

c:  ro 

JO 

ra 

Cd 

0 

cn  » — 1 

1"-  ^  LO 

(T3 

cd  c: 

LU 

>1 

00 

r--  lo 

CM  LO  LO 

1— 

2=  . 

> 

ra 

• 

•  • 

•  •  • 

<C 

z 

0 

cm  r^- 

00  <n  LO 

c 

LU 

r — 1 

r-H 

0 

cc 

+J 

«T3 

S_ 

o 

Cl 

ro 

> 

LlJ 


O'  00  CO 
LO  ^  o 

•  •  • 

r~^  cn  00 


00  t— 1 

CO  CM  C> 

•  •  • 

00  r"~  ^ 


c: 

fO 

D- 


I  I  I 


I  I  I 


I 


fO 

•“0 


I 


oS  C 

o 


c 

c= 

ra 

X  C 

ra  x  c 

CD 

ra  -i- 

CD  ra  •«- 

21 

21  21 

2:  ^  21 

O 

* 

O 

r^ 

m 

E 

1 — 

• 

cn 

CO 

ra 

cn 

0 

•a 

1 — i 

CN 

0 

f— H 

0 

i_ 

0 

1 

co 

O 

CD 

1 

t—H 

cn 

4- 

LO 

LO 

4-> 

LO 

, — 

on 

13 

cr> 

•r— 

r*H 

•r— 

» — 1 

21 

- - 

Cl. 

— ■ 

* 


n 

O 


7 


Representati ve  of  the  R.A. 
Source:  National  Climatic  Center 


May  to  October  pan  evaporation  rates  for  the  Beaver  River  R.A.  are 
analyzed  in  Figure  3.5-1.  Highest  pan  evaporation  amounts,  about  70  inches, 
are  seen  in  the  Wah  Wah  Valley.  Lowest  amounts  are  seen  in  the  higher  eleva¬ 
tions  east  of  Cedar  City,  these  being  about  30  inches.  Means  and  extremes  of 
pan  evaporation  for  the  32°  freeze-free  season  are  provided  in  Table  3.5-2. 
Of  these  stations  reporting,  Milford  experiences  the  highest  amount  of  evapor¬ 
ation  and  also  the  most  deviation  from  the  mean  value.  This  would  be  typical 
of  more  arid  areas  of  the  Beaver  River  R.A.,  such  as  the  Escalante  Desert  and 
Wah  Wah  Val 1 ey. 

3.5.2  Lake  Evaporation 

Lake  evaporation  is  another  important  parameter  to  be  considered  for 
water  management.  Values  for  lake  evaporation  may  be  derived  from  pan  evapor¬ 
ation  rates  based  on  the  principal  that  evaporation  from  small  lakes  (e.g.,  an 
evaporation  pan)  is  greater  than  that  from  larger  lakes.  Such  variations  are 
caused  by  the  difference  in  heat  storage  capacity.  The  surface  temperature  of 
a  larger  or  deeper  reservoir  will  not  increase  as  readily  as  that  of  a  more 
shallow  reservoir.  The  cooler  water  surface  temperature  will  suppress  evapora¬ 
tion.  A  comparison  of  evaporation  rates  at  two  adjacent  lakes  in  Nevada  has 
been  conducted  by  Harding  (1962).  Study  results  have  been  summarized  in  Table 
3.5-3. 


These  rates,  however,  do  not  apply  to  salt  water  lakes.  Lake  salin¬ 
ity  is  another  factor  which  affects  evaporation  rates.  A  traditional  long¬ 
term  estimate  by  Adams  (1934)  of  37.7  inches  is  in  close  agreement  with  esti¬ 
mates  by  Peck  and  Dickson  (1965)  which  is  quite  useful  for  determining  evapo¬ 
ration  rates  for  the  Great  Salt  Lake  (Hughes,  1974).  May  through  October  lake 
evaporation  rates  are  provided  in  Figure  3.5-2.  The  figure  shows  rates  aver¬ 
aging  from  20  inches  in  the  eastern  highlands  to  40  inches  in  the  western 
extremes  of  the  R.A. 
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Table  3.5-2 


Means  and 
32° 


Extremes  of  Evaporation  (Inches) 
for  the 

Freeze-Free  Period  (Days) 


Station 

Elevation 

and 
( feet) 

Average  Growing 
Season 

Mean 

Evaporation 

Maximum 

(Yr) 

Minimum 

(Yr) 

Mil  ford 
5028 

5/21  -  9/26 

54.79 

62.41  (1960) 

43.26  (1967) 

Piute  Dam* 

5/24  -  9/27 

37.48 

42.34  (1960) 

33.07  (1961) 

5900 


Representative  of  the  R.A. 

Source:  National  Climatic  Center  and  Hydrologic  Atlas  of  Utah 
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Table  3.5-3 


Effect  of  Reservoir  Depths  on  Lake  Evaporation  Rates  (Inches) 


Period 

Deep  Lake 
(200') 

Shallow  Lake 
(151) 

Ratio 

Deep/Shallow 

March-August 

1.88 

3.03 

0.62 

September-February 

2.14 

0.95 

2.25 

May-October 

2.45 

3.31 

0.74 

Total  for  Year 

4.02 

3.98 

1.01 

Source:  Harding  (1962) 

as  cited  in  Hughes  (1974). 
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3.5.3  Solar  Radiation 


Seasonal  and  annual  averages  of  total  incoming  solar  radiation  for 
available  stations  in  and  near  the  Beaver  River  R.A.  and  surrounding  areas  are 
presented  in  Table  3.5-4.  Data  is  provided  in  langleys  per  day  (1  langley  =  1 
calorie/cm  ).  As  expected,  solar  insolation  increases  as  one  travels  in  a 
southerly  direction.  And  in  the  summer,  sunshine  is  greatest  in  both  time  and 
intensity.  Winter  values  range  from  one-third  to  one-half  of  summertime 
amounts.  The  relatively  high  altitude,  which  provides  less  atmosphere  for  the 
sun's  rays  to  penetrate,  combined  with  the  low  frequencies  of  fog,  smoke  and 
haze,  contribute  to  the  high  intensity  of  sunshine  in  Utah. 
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Table  3.5-4 


Seasonal  and  Annual  Averages  of  Mean  Daily  Solar  Insolation 

(Langleys/Day) 

BEAVER  RIVER  R.A. 


Location 

Winter 

Spring 

Summer 

Fall 

Annual 

Cedar  City 

257.5 

560.1 

673.6 

399.7 

472.7 

Yucca  Flats* 

278.4 

595.6 

702.4 

414.1 

497.6 

Ely* 

242.6 

535.8 

650.1 

386.0 

453.6 

■^Representative  of  the  R.A. 

Source:  “Input  Data  for  Solar  Systems". 
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3.6 


SEVERE  WEATHER 


3.6.1  Hail 

Hail  results  from  the  formation  of  irregular  chips  of  ice  which  are 
produced  by  convective  activity  in  clouds,  such  as  in  cumulonimbus  types. 
Thunderstorms,  which  are  characterized  by  strong  updrafts,  high  water  content, 
large  cloud  drop  sizes,  and  great  vertical  height,  offer  great  potential  for 
hail  and  ice  formation,  which  is  a  very  common  phenomenon  in  Utah  and  may  have 
considerable  influence  on  short-term  BLM  land  use  alternatives.  Hail  can 
range  in  size  from  that  of  a  small  pea  to  softball  size  and  larger.  Table 
3.6-1  presents  the  incidence  of  hail  and  estimates  of  damage  when  available  as 
recorded  by  the  State  Climatologist. 

3.6.2  Dust  and  High  Wind  Events 

Dust  storms,  and  more  often  high  winds,  may  cause  severe  property  and 
crop  damage  in  the  State.  Historical  data  on  dust  storms  has  been  provided  in 
Table  3.6-2  as  recorded  by  the  State  Climatologist.  Although  data  is  insuffi¬ 
cient,  dust  may  be  severely  crippling  to  the  agricultural  economy  of  the 
State,  especially  during  drought  conditions  and  may  occur  in  virtually  any 
area  of  the  State. 

Strong,  sustained  winds  occur  quite  often  in  Utah  causing  consider¬ 
able  damage.  In  particular,  the  area  near  Beryl  Junction  frequently  experi¬ 
ences  high  winds  which  contributes  to  a  significant  dust  problem  (Wiley, 
1980).  Table  3.6-3  details  the  reported  occurrences  of  high  winds  in  and  near 
the  Beaver  River  R.A. 
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Review  of  Historically  Damaging  Hailstorms 

In  and  Near  the 
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flooding  of  homes  in  St.  George,  and  produced  flooding  on  the 
Buckskin  and  Paria  Rivers.  Up  to  18  inches  of  snow  in  the  moun¬ 
tains  stranded  many  hunters,  especially  in  the  Kanab,  Cedar  City 
and  St.  George  areas.  Hail  up  to  1-3/4  inches  in  diameter  at 
Mexican  Hat  caused  damage  to  trailer  houses,  cars  and  buildings. 
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Table  3.6-2 


Review  of  Historically  Damaging  or  Severe  Dust  Storms 

In  and  Near  the 

BEAVER  RIVER  R.A. 


Location  Date 

Iron  County  4/6/57 

Western  portion  10/19/58 

of  State 


Southern  and  western  12/12/58 
portions  of  State 


Descri ption 

Winds  reported  to  44  mph  and  blowing 
dust  reduced  visibility  to  1  mile  at 
Cedar  City. 

Strong  winds  accompanying  the  passage 
of  a  cold  front  caused  considerable 
blowing  dust  and  widespread  minor  prop¬ 
erty  damage.  Limbs  were  ripped  off  and 
trees  toppled,  causing  numerous  power 
failures.  Walls  were  blown  over,  plate 
glass  windows  broken,  grounded  planes 
damaged,  and  other  minor  incidents  oc¬ 
curred.  Strong  winds  hampered  fire 
fighting  efforts  on  at  least  20  range 
and  forest  fires.  Highest  winds  were 
reported  at  Provo  where  gusts  over  80 
mph  were  recorded. 

Strong  winds  blew  limbs  off  some  trees 
and  caused  other  minor  property  damage. 
Winds  to  60  mph  produced  considerable 
blowing  dust,  locally  reducing  visi¬ 
bility  to  zero,  thus  hampering  highway 
traffic. 
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Western  Utah  2/60  High  winds  over  western  Utah  caused  considerable  damage  to  a 

school  in  Logan  and  brought  an  estimated  $11,000  damage  to  an 
airplane  hanger  and  a  mobile  home  in  Saint  George. 
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Milford,  Beaver  County  12/5/66  A  severe  wind  storm  of  over  58  miles  per  hour  struck  Milford 

airport,  damaging  a  trailer,  blowing  down  a  cinder  block  wall,  and 
wrecking  an  office.  Power  lines  were  cut  leaving  the  weather 
station  without  power  for  six  hours. 
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mobile  homes,  roofs,  outdoor  signs,  and  buildings  under  construc¬ 
tion  was  estimated  at  about  $200,000.  Many  trees  were  uprooted 
and  power  lines  were  blown  down  to  account  for  thousands  of  re¬ 
ported  power  outages  throughout  northern  Utah  which  lasted  most  of 
the  night. 


4.  PREVAILING  WINDS 


The  characterization  of  prevailing  surface  winds  is  essential  in  the 
development  of  an  understanding  of  the  climate  of  a  region.  This  section 
provides  analyses  that  are  designed  to  identify  specific  characteristics  of 
the  prevailing  winds.  These  analyses  include: 

§  Wind  Roses 

•  Wind  Speed  Distributions 

§  Wind  Persistence  Analyses 

The  prevailing  winds  define  the  net  regional  transport  characteristics  for 
pollutants  in  a  given  geographical  area.  An  understanding  of  the  physical 
behavior  of  air  flow  in  and  out  of  a  particular  area  of  interest  provides 
insight  as  to  the  fate  of  air  pollutants,  and  therefore,  may  affect  decisions 
as  to  the  siting  of  industrial  sources. 

Wind  patterns  are  often  the  result  of  topographic  influences  as 
indicated  in  Section  3.1.3.  Thus,  data  presented  in  this  section  can  only  be 
extrapolated  to  areas  with  differing  terrain  features  with  extreme  caution. 

4.1  WIND  ROSES 

Wind  roses  provide  a  graphical  representation  of  the  frequency  of  oc¬ 
currence  of  winds  from  each  of  the  16  cardinal  directions  for  specified  averag¬ 
ing  periods.  This  subsection  discusses  the  prevailing  winds  using  wind  rose 
analyses  on  a  seasonal  and  annual  basis.  The  discussion  provided  is  designed 
to  summarize  prevailing  air  flow  characteri sties  in  terms  of  a  dispersion 
analyses  for  subsequent  use  in  pollutant  impact  studies.  Wind  data  are  avail¬ 
able  at  two  stations  in  this  R.A.  These  include  Milford  (7/48  to  12/78)  and 
Cedar  City  (11/48  to  12/78). 
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Seasonal  and  annual  wind  rose  diagrams  for  Milford  and  Cedar  City  are 
provided  in  Figures  4.1-1  through  4.1-12.  Diurnal  wind  roses  have  also  been 
provided  for  Cedar  City,  a  station  which  is  strongly  influenced  by  nearby 
topography  and  thus  exhibits  a  marked  change  in  wind  flow.  Roses  are  deline¬ 
ated  into  day  (one-half  after  sunrise  to  one-half  hour  before  sunset)  and 
night.  All  wind  rose  diagrams  employ  a  telescopic  technique  to  display  not 
only  the  frequency  of  wind  directions  (indicated  by  the  percentage  on  each 
circle,  increasing  with  didstance  from  the  center),  but  also  the  frequency  of 
occurrence  of  each  wind  speed  class  in  conjunction  with  the  wind  direction 
(indicated  by  blocked  areas  on  telescope  and  key  at  upper  right  corner  of 
figure,  such  that  the  length  of  the  first  block  from  the  center  always  indi¬ 
cates  the  percent  frequency  of  winds  from  1  to  3  knots  in  a  given  wind  direc¬ 
tion).  The  zero  line  has  been  displaced  from  the  center  and  may  be  implied  by 
the  start  of  each  "telescope". 

The  annual  and  seasonal  wind  roses  for  Milford  show  a  bimodal  distri¬ 
bution  of  wind  direction  with  a  preference  for  winds  from  the  south  through 
southwest  and  a  secondary  maximum  for  flow  from  the  north  through  north- 
northeast.  This  southerly  dominance  represents  channeling  of  the  prevailing 
westerly  flow  through  the  Escalante  Desert  and  turning  north  through  the 
Beaver  River  Valley.  These  account  for  almost  50  percent  of  the  distribution 
on  an  annual  basis.  Wind  speeds  associated  with  south  through  southwest  winds 
are  quite  strong,  with  winds  in  the  fourth,  fifth  and  sixth  wind  speed  classes 
(11  to  greater  than  21  knots)  occurring  about  57  percent  with  these  direc¬ 
tions.  The  northerly  and  north-northeasterly  flow  represents  upslope  flow 
which  develops  in  the  late  morning  and  mid-afternoon  with  the  onset  of  strong 
surface  heating.  The  frequency  of  wind  directions  other  than  these  stated  is 
quite  minimal.  Calms  occur  at  this  location  only  7  percent  of  the  time. 

Wind  roses  for  Cedar  City  are  provided  in  Figures  4.1-6  through 
4.1-12.  The  annual  rose  shows  a  distinct  preference  for  winds  from  the  south¬ 
west  and  south-southwest.  These  directions,  which  account  for  about  24  per¬ 
cent  of  the  distribution,  represent  channeling  of  flow  through  the  Ash  Creek 
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Figure  4.1-1 

Annual  Wind  Rose  for  Milford 
(7/48  -  12/78) 
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Figure  4.1-2 

Winter  Wind  Rose  for  Milford 
(7/48  -  12/78) 
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Figure  4.1-3 

Spring  Wind  Rose  for  Milford 
(7/48  -  12/78) 


108 


WIND  5PEXD  CuPSS 
(KNOTS 1 


Figure  4.1-4 

Summer  Wind  Rose  for  Milford 
(7/48  -  12/78) 
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Figure  4.1-5 

Fall  Wind  Rose  for  Milford 


(7/48  -  12/78) 


110 


WIND  DPEEO  CLRSS 
'KNOTS) 


SITE-* CECRR  CITY 


Figure  4.1-6 

Annual  Wind  Rose  for  Cedar  City 
(11/48-12/78) 
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Figure  4.1-7 

Winter  Wind  Rose  for  Cedar  City 
(11/48-12/78) 
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Figure  4. 1-8 

Spring  Wind  Rose  for  Cedar  City 
(11/48-12/78) 
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Figure  4.1-9 

Summer  Wind  Rose  for  Cedar  City 
(11/48-12/78) 


114 


WIND  SPEED  Ci_mSS 


SITE?  CEDAR  CITY  'Knctsi 


Figure  4. 1-10 

Fall  Wind  Rose  for  Cedar  City 
(11/48-12/78) 
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Figure  4.1-11 

Day  Annual  Wind  Rose  for  Cedar  City 
(11/48-12/73) 
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River  Valley  on  the  lee  side  of  the  Pine  Valley  Mountains.  Flow  from  the 
southeast  through  south  also  accounts  for  about  24  percent  of  all  observa¬ 
tions.  These  directions  are  the  result  of  downslope  or  drainage  flow  from  the 
higher  elevations  northeast  through  south  of  this  location.  Northerly  flow  is 
seen  about  7  percent  of  the  time  or  an  annual  basis  which  represents  an  influx 
of  cold  polar  air  storm  systems  which  frequent  the  area  during  the  winter. 

Wind  speeds  are  fairly  brisk  at  Cedar  City,  with  an  almost  complete 
absence  of  winds  in  the  first  wind  speed  class  (1  to  3  knots).  The  second, 
third  and  fourth  wind  speed  classes  occur  most  frequently.  Strongest  winds 
are  associated  with  flow  from  the  southwest  and  south-southwest.  However, 
calms  occur  quite  frequently,  over  20  percent  of  the  time. 

The  seasonal  roses  are  fairly  similar  to  the  annual  wind  rose.  One 
important  distinction  is  seen  in  the  lower  frequency  of  northerly  winds  in 
summer.  This  condition  reflects  the  absence  of  southerly  moving  storm  sys¬ 
tems.  Another  difference  is  seen  in  the  distribution  of  calms.  Winter  and 
fall  experience  the  most  calms  (28  percent  and  24  percent).  Spring  and  summer 
have  18  and  16  percent  calms,  respectively. 

The  daytime/nighttime  distributions  show  that  channeling  of  winds 
through  the  Ash  Creek  River  Valley,  represented  by  southwest  and  south- 
southwest  are  preferred  during  the  day.  North  winds  are  also  slightly  more 
frequent  during  daytime  hours.  Drainage  winds,  southeast  through  south,  occur 
more  frequently  in  the  night  distribution. 

4.2  PEAK  WIND  SPEEDS 

Strong,  sustained  winds  occur  quite  often  in  Utah,  sometimes  causing 
considerable  damage.  Historical  occurrences  of  severe  winds  in  the  Beaver 
River  R.A.  have  been  described  in  Table  3.6-3.  The  highest  wind  speed  at 
Milford  was  52.9  mph  during  the  period  July,  1948  through  December,  1978.  The 
highest  speed  at  Cedar  City  during  the  period  November,  1948  to  December  1978 
was  55.2  mph. 


118 


4.3 


PERSISTENCE  ANALYSES 


The  persistence  of  wind  speed  classes  is  important  in  defining  the 
dispersion  potential  of  an  area.  Tables  4.3-1  and  4.3-2  provide  persistence 
data  for  winds  in  the  following  classes:  0-9  mph,  10-19  mph,  20-29  mph  and  40- 
98  mph  for  Milford  and  Cedar  City.  Winds  in  the  0-19  mph  range  have  persisted 
for  more  than  a  day  at  both  of  these  locations.  Speeds  of  20  to  98  mph  are 
less  persistent.  Winds  of  20-30  mph  have  persisted  for  16  hours  at  Milford 
and  21  hours  at  Cedar  City;  winds  of  30-39  mph  have  persisted  for  9  hours  at 
Milford  and  13  hours  at  Cedar  City  and  winds  greater  than  40  mph  have  per¬ 
sisted  for  8  hours  at  Milford  and  7  hours  at  Cedar  City. 
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Table  4.3-1 

Persistence  of  Wind  Speed  Categories  (%)  at  Cedar  City 
(1  Hour  Intervals/Miles  per  Hour) 

(11/48  -  12/78) 
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Table  4.3-2 

Persistence  of  Wind  Speed  Categories  (%)  at  Milford 
(1  Hour  Intervals/Miles  per  Hour) 

(7/48  -  12/78) 
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less  persistent.  Winds  of  20-30  mph  have  persisted  for  16  hours  at  Milford 
and  21  hours  at  Cedar  City;  winds  of  30-39  mph  have  persisted  for  9  hours  at 
Milford  and  13  hours  at  Cedar  City  and  winds  greater  than  40  mph  have  per¬ 
sisted  for  8  hours  at  Milford  and  7  hours  at  Cedar  City. 
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5.  GLOSSARY  OF  TERMS 


Abscissa 

The  Horizontal  coordinate  or  axis  of  any  graph;  usually 
denoted  by  X. 

Absorption 

The  process  in  which  incident  radiant  energy  is  retained  by 
a  substance. 

Advecti on 

The  process  of  transport  of  an  atmospheric  property  solely 
by  the  mass  motion  (i.e.,  wind)  of  the  atmosphere. 

Aitken  Nuclei 

The  microscopic  particles  in  the  atmosphere  which  serve  as 
condensation  nuclei  for  droplet  growth.  These  nuclei  are 
both  liquid  and  solid  with  diameters  of  tens  of  microns  or 
smal 1 er . 

A1  bedo 

A  measure  of  the  part  of  the  incoming  solar  radiation  which 
is  reflected  from  the  earth  and  the  atmosphere. 

Annual  Moisture 
Def i c i t 

The  moisture  deficit  of  a  month  is  the  potential  evapo- 
transpiration  less  the  rainfall  and  stored  soil  water.  The 
sum  of  the  appropriate  months  is  the  annual  moisture  defi¬ 
cit  . 

Anti cycl one 

Movements  of  air  traveling  in  a  clockwise  direction  (in  the 
northern  Hemisphere).  Since  anticyclone  circulation  and 

relative  high  atmospheric  pressure  usually  coexist,  the 
terms  anticyclone  and  high  pressure  are  often  used  inter¬ 
changeably. 

Attentuation 

The  process  by  which  energy  decreases  with  increasing  dis¬ 
tance  from  the  energy  source 

Cei 1 i ng 

The  height  of  the  lowest  layer  of  clouds  or  other  obscuring 
phenomena  (e.g.,  dust).  During  clear  weather,  the  ceiling 
in  unlimited.  With  fog,  the  ceiling  is  obscured. 

Centri petal 
Acceleration 

Acceleration  on  a  particle  moving  in  a  curved  path,  direc¬ 
ted  toward  the  center  of  curvature  of  the  path. 

Cl imate 

The  average  condition  of  the  weather  at  a  place  over  a 
period  of  years  as  exhibited  by  temperature,  wind  velocity, 
precipitation  and  related  parameters. 

Compressi onal 

Heat i ng 

The  disturbance  of  a  fluid  (e.g.,  air)  such  that  the  pres¬ 
sure  and  density  and,  therefore  temperature,  increase  in 
the  direction  of  motion. 

Condensat i on 

The  physical  process  by  which  a  vapor  becomes  a  liquid  or  a 
sol  id . 
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Condensat i on 

Nucl ei 

A  particle,  either  liquid  or  solid,  upon  which  condensation 
of  water  vapor  begins  in  the  atmosphere. 

Cont i nental 

Cl imate 

The  climate  that  is  characteri stic  of  the  interior  of  a 
land  mass.  It  is  marked  by  large  annual,  daily  and  day  to 
day  ranges  of  temperature,  humidity  and  precipitation. 

Convection 

In  general,  mass  motions  within  a  fluid  (e.g.,  air)  result¬ 
ing  in  transport  and  mixing  of  the  properties  of  that  fluid. 

Cori ol i s  Force 

A  deflective  force  resulting  from  the  earth's  rotation;  it 
acts  to  the  right  of  wind  direction  in  the  Northern  Hemis¬ 
phere  and  to  the  left  in  the  Southern  Hemisphere. 

Crystal  1 i zation 

The  process  which  results  in  the  formation  of  ice  crystals 
in  the  atmosphere. 

Cunul onimbus 

A  principal  cloud  type,  exceptionally  dense  and  vertically 
developed,  occurring  either  as  isolated  clouds  or  as  a  line 
or  wall  of  clouds  with  separated  upper  portions. 

Cumul us 

A  principal  cloud  type  in  the  form  of  individual,  detached 
elements  which  are  generally  dense  and  possess  sharp  non- 
f i brous  outl i nes . 

Cyclones 

Movements  of  air  traveling  in  a  counterclockwise  direction 
(in  the  northern  Hemisphere).  Since  cyclonic  circulation 
and  relative  low  atmospheric  pressure  usually  coexist,  the 
terms  clclone  and  low  pressure  system  often  are  used  inter¬ 
changeably. 

Cyclonic  Storms 

Large  storm  systems  (50  to  900  miles  in  diameter  or  more) 
characteri zed  by  air  rotating  around  a  center  of  low  pres¬ 
sure.  More  common  in  winter  than  summer.  Rainfall  and 
snowfall  associated  with  such  storms  may  be  light,  but  may 
persist  for  two  to  three  days  or  longer. 

Dev;  Point 

The  temperature  to  which  air  must  be  cooled  in  order  for 
saturation  to  occur. 

Dew  Point 

Depressi on 

The  difference  between  the  air  temperature  and  the  dew 
poi nt . 

Di vergence 

The  expansion  or  spreading  out  of  a  vector  field  (e.g., 

vel oci ty  f i eld). 

Drainage  Wind 

A  wind  directed  down  the  slope  of  an  incline  and  caused  by 
greater  air  density  near  the  slope  than  at  the  same  level 
some  distance  horizontally  from  the  slope. 
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Dry  Bulb 
Temperature 

Eddy  Viscosity 


Electromagnetic 


Electromagnetic 

Waves 


Evaporation 


Evapo- 

transpi rati  on 


Exposure 


Fall  Velocity 


First  Order 
Stat i ons 

Free  Atmosphere 


Friction  Layer 

Frictional  Drag 

Front 

Frost-Free 
Peri od 


The  ambient  temperature  of  the  air  as  measured  by  a  dry- 
bulb  thermometer. 

The  turbulent  transfer  of  momentum  by  eddies  (a  glob  of 
fluid  with  a  fluid  mass  that  has  a  life  history  of  its  own) 
giving  rise  to  fluid  friction. 

The  ordered  array  of  all  known  el ectromagneti  Spectrum  radi¬ 
ations,  extending  from  the  shortest  cosmic  rays ,  through 
gamma  rays,  x-rays,  ultraviolet  light,  visible/light,  infra¬ 
red  radiation,  and  including  microwave  and  all  other 
lengths  of  radio  energy. 

Energy  propagated  through  space  or  through  material  media 
in  the  form  of  an  advancing  disturbance  in  electric  and 
magnetic  fields  existing  in  space. 

The  physical  process  that  returns  water  from  the  earth  to 
the  atmosphere. 

The  combined  processes  by  which  water  is  transferred  fro~1 
the  surface  of  the  earth  to  the  atmosphere;  evaporation  of 
liquid  or  solid  water  plus  transpi ration  from  plants. 

The  general  surroundings  of  a  site,  with  special  reference 
to  its  openness  to  winds  and  sunshine. 

That  velocity  attained  by  a  body  freely  falling  in  air  when 
the  resisting  force  is  equal  to  the  gravitational  force. 

A  meteorological  station  at  which  automatic  records  and 
hourly  readings  of  weather  elements  are  made. 

That  portion  of  the  earth's  atmosphere,  above  the  planetary 
boundary  layer,  in  which  the  effects  of  the  earths  surface 
friction  on  the  air  motion  are  negligible. 

The  term  is  interchangeable  with  planetary  boundary  layer 
and  surface  boundary  layer  and  refers  to  the  layer  between 
the  surface  and  the  free  atmosphere. 

The  frictional  impedence  offered  by  air  to  the  motion  of 
bodies  passing  through  it. 

In  meteorology,  generally,  the  interface  or  transition  zone 
between  two  air  masses  of  different  density. 

The  frost-free  period  refers  to  the  length  of  the  growing 
season  as  determined  by  the  number  of  days  between  the  last 
frost  (i.e.,  32°F)  in  spring  and  the  first  frost  in  fall. 
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Gradient 


Greenhouse  Effect 

Growing  Season 

Hygroscopi c 
Nucl ei 

Infrared 
(Radi  at i on) 

Inversion 

Inversion  Layer 

I  ons 

I sobars 
I sohyet 

Isopl uvial 

Isothermal 

Jet  Stream 
(Upper  Level ) 

Killing  Frost 


The  rate  of  change  of  a  parameter  as  a  function  of  distance. 

The  heating  effect  exerted  by  the  atmosphere  upon  the  earth 
by  virtue  of  the  fact  that  the  atmosphere  absorbs  and  re¬ 
emits  infrared  radiation. 

Generally,  the  period  of  the  year  during  which  the  tempera¬ 
ture  of  cultivated  vegetation  remains  sufficiently  high  to 
allow  plant  growth  (Usually  synonymous  with  Frost-Free 
Peri od) . 

Nuclei  with  a  marked  ability  to  accelerate  the  condensation 
of  water  vapor. 

Electromagnetic  radiation  lying  in  the  wave  length  interval 
between  visible  radiation  (light)  and  microwave  radiation. 

A  departure  from  the  usual  decrease  or  increase  with  alti¬ 
tude  of  the  value  of  an  atmospheric  property  (almost  always 
of  temperature ) .  In  a  temperature  inversion,  temperature 
increases  with  altitude.  A  temperature  inversion  is 
stable,  allowing  little  turbulent  exchange  to  occur. 

That  layer  of  air  which  departs  from  the  usual  decrease  in 
temperature  with  increasing  altitude. 

In  atmospheric  electricity,  any  of  several  types  of  electri¬ 
cally  charged  submicroscopic  particles  normally  found  in 
the  atmosphere. 

A  line  of  equal  or  constant  pressure. 

A  line  drawn  through  geographical  points  recording  equal 
amounts  of  preci pi  tat i on  during  a  given  time  period  or  for 
a  particular  storm. 

Line  drawn  through  geographic  points  having  the  same  precip¬ 
itation  amount  likely  to  be  equalled  or  exceeded  during  a 
given  time  period. 

Of  equal  or  constant  temperature,  with  respect  to  either 
space  or  time;  more  commonly,  temperature  with  height;  a 

zero  lapse  rate. 

A  quasi -hori zontal  stream  of  winds  50  miles  per  hour  or 
more  concentrated  within  a  narrow  band  embedded  in  the 
westerlies  in  the  high  troposphere. 

The  frost  sufficiently  severe  to  damage  the  vegetation  of 
an  area.  For  the  purpose  of  this  report,  when  temperatures 
are  28°F  or  less. 
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Kinetic  Energy 

The  energy  which  a  body  possesses  as  a  consequence  of  its 
mot i on . 

Lake  Evaporation 

Evaporation  from  a  lake  large  enough  and  deep  enough  so 
that  evaporation  from  most  of  its  surface  is  unaffected  by 
the  temperature  of  the  surrounding  and  underlying  land. 

Langley 

Unit  of  energy  per  unit  area  commonly  employed  in  radia¬ 
tion.  One  Langley  is  equal  to  one  gram  -  calorie  per 

square  centimeter.  The  unit  was  named  in  honor  of  the 

American  scientist,  Samuel  P.  Langley  (1834-1906)  who  made 
many  contributions  to  the  knowledge  of  solar  radiation. 

Lapse  Rate 

The  decrease  of  an  atmospheric  variable  (commonly,  tempera¬ 
ture)  with  height. 

Latent  Heat 

The  amount  of  heat  absorbed  (converted  to  Kinetic  Energy) 
during  the  processes  of  change  of  liquid  water  to  water 
vapor,  ice  to  water  vapor,  or  ice  to  liquid  water;  or  the 
amount  released  during  the  reverse  processes.  Four  such 

processes  are  condensation,  fusion,  sublimation  and  vapo^i- 
zat i on . 

Leeward 

The  downwind  side  of  an  obstacle. 

Mechani cal 

Turbul ence 

The  induced  eddy  structure  of  the  atmosphere  due  to  the 
roughness  of  the  surface  over  which  the  air  is  passing. 

Meridi onal 

Longitudinal;  northerly  or  southerly;  opposed  to  zonal. 

Mesoscal e 

Between  5  and  50  miles. 

Micrometeorology 
(al so ,  Mi cro- 
cl imatol ogy) 

That  portion  of  the  science  that  deals  with  the  observation 
and  exploration  of  the  smallest  scale  physical  and  dynamic 
occurrences  within  the  atmosphere. 

Moisture  Deficit 

The  moisture  deficit  of  a  month  is  the  potential  evapo- 
transpi rat  ion  less  the  rainfall  and  stored  soil  water. 

Mol ecul ar 

Fricti on 

Whenever  the  surface  of  one  molecule  slides  over  that  of 
another,  each  molecule  exerts  a  frictional  force  on  the 

other,  parallel  to  the  surfaces. 

Orographi c 

Lifting 

The  lifting  of  an  air  current  caused  by  its  passage  up  and 
over  mountains. 

Palmen ' s  Model 

A  model  describing  the  general  meridional  circulation  of 
the  earth's  atmosphere. 
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Pan  Evaporation 

Evaporation  of  water  from  small  pans  exposed  to  the  atmo¬ 
sphere.  The  standard  Class  A  land  pan  is  four  feet  in  diam¬ 
eter  and  ten  inches  deep,  raised  six  inches  from  the  ground 
so  that  air  can  circulate  around  it.  The  depth  of  water  in 
the  pan  is  about  7  to  8"  and  should  remain  relatively  con¬ 
stant  . 

Parameter 

In  general,  any  quantity  that  is  not  an  independent  vari¬ 
able.  The  term  is  often  used  in  meteorology  to  describe 
almost  any  meteorological  or  climatological  quantity  or 
el ement . 

Perturbat i on 

Any  departure  introduced  into  an  assumed  steady  state  of  a 
system. 

Pluvial  Indices 

The  amount  of  precipitation  falling  in  one  day,  or  other 
specified  period,  that  is  likely  to  be  equalled  or  exceeded 
at  a  given  place  only  once  in  a  given  return  period  (often, 
100  years ) . 

Polar  Front 

The  semi-permanent ,  semi -conti nuous  front  separating  air 
masses  of  tropical  and  polar  origins. 

Potential  Energy 

The  energy  which  a  body  possesses  as  a  consequence  of  its 
position  in  the  field  of  gravity. 

Potential  Evap- 
orati on 

A  measure  of  the  degree  to  which  the  weather  or  climate  of 
a  region  is  favorable  to  the  process  of  evaporation. 

Potential 

Evapo- 

transpi rati  on 

Combined  evaporation  from  the  soil  surface  and  transpira¬ 
tion  from  plants  when  the  water  supply  in  the  ground  is 

uni imited . 

Pressure 

Gradient  Force 

The  force  due  to  differences  in  pressure  within  a  fluid 
mass  (e.g.,  air). 

Radiational  Fog 

A  major  type  of  fog,  produced  over  a  land  area  where  radia¬ 
tional  cooling  reduces  the  air  temperature  to  or  below  its 

dew-poi nt . 

Radiational 

I nversi on 

An  inversion  at  the  surface  due  to  radiational  cooling. 

Radi osonde 

A  balloon-borne  instrument  for  the  simultaneous  measurement 
and  transmission  of  meteorological  data. 

Rai nfal 1 

F  requency 

The  number  of  times  during  a  specific  period  of  years  that 
precipitation  of  a  certain  magnitude  or  greater,  occurs  or 

will  occur  at  stations. 
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Rain  Shadow 


Rain  Shadow 

The  region,  on  the  lee  side  of  a  mountain  or  mountain 
range,  where  the  precipitation  is  noticeably  less  than  on 
the  windward  side. 

Rainfall  Duration 

The  length  of  a  rain  event. 

Rai nfal 1 

Intensity 

The  rate  of  rainfall,  usually  expressed  in  inches  per  hour. 

Refl ecti on 

The  process  whereby  a  surface  of  discontinuity  turns  back  a 
portion  of  the  incident  radiation  into  the  medium  through 
which  the  radiation  approached. 

Roughness 

A  measure  of  the  irregularity  of  a  surface  over  which  a 
fluid  (e.g.,  air)  is  flowing. 

Saturat i on 

The  condition  in  which  the  partial  pressure  of  a  fluid, 
e.g.,  air,  is  equal  to  its  maximum  possible  partial  pres¬ 
sure  under  existing  environmental  conditions  such  that  any 
increase  in  the  amount  will  initiate  a  change  to  a  more 
condensed  state. 

Saturat  i  on 

Vapor  Pressure 

The  vapor  pressure,  at  a  given  temperature,  wherein  the 
vapor  of  a  substance  is  in  equilbrium  with  a  plane  surface 
of  that  substance's  pure  liquid  or  solid  phase. 

Scatteri ng 

The  process  by  which  small  particles  suspended  in  the  atmo¬ 
sphere  diffuse  a  portion  of  the  incoming  solar  radiation  in 
all  directions. 

Sensible  Heat 

Same  as  enthalpy,  which  is  the  measure  of  heat  imparted  to 
a  system  during  a  thermodynamic  process. 

Snow  Pack 

The  amount  of  annual  accumulation  of  snow  at  higher  eleva¬ 
tions  in  the  Western  United  States,  usually  expressed  in 
terms  of  average  water  equivalent. 

Sol  ar 

Insol  at i on 

The  total  radiant  energy  from  the  sun  incident  on  a  unit 
area  of  a  horizontal  plane  located  at  the  surface  of  the 
earth . 

Solar  Radiation 

The  total  electromagnetic  radiation  emitted  by  the  sun. 

Squall  Line 

Any  non-frontal  line  or  narrow  band  of  active  thunderstorms . 

Standard 

Atmosphere 

A  hypothetical  vertical  distribution  of  atmopheric  tempera¬ 
ture,  pressure  and  density,  which  by  international  agree 
ment  is  taken  to  be  representat i ve  of  the  global  atmosphere. 

Storm  Track 

The  path  followed  by  a  center  of  low  atmospheric  pressure. 
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Stratosphere 

The  atmospheric  layer  above  the  tropopause,  average  alti¬ 
tude  of  base  and  top,  7  and  22  miles  respectively;  a  very 
stable  layer  characteri zed  by  low  moisture  content  and 
absence  of  clouds. 

Stratus 

A  principal  cloud  type  in  the  form  of  a  gray  layer  with  a 
rather  uniform  base. 

Supercool ed 

The  reduction  of  temperature  of  any  liquid  below  the  melt¬ 
ing  point  of  that  substance's  solid  phase;  that  is,  cooling 
beyond  its  nominal  freezing  point. 

Supersaturat i on 

In  meteorology,  the  condition  existing  in  a  given  portion 
of  the  atmosphere,  when  the  relative  humidity  is  greater 
than  100  percent. 

Subsidence 

I nversi on 

A  temperature  inversion  produced  by  the  warming  of  a  layer 
of  descending  air.  The  effect  is  the  creation  of  a  limited 
mixing  volume  below  the  stable  layer. 

Synoptic 

In  general,  pertaining  to  or  affording  an  overall  view.  In 
meteorology,  it  refers  to  the  use  of  meterol ogical  data 
obtained  simultaneously  over  a  wide  area  for  the  purpose  of 
presenting  a  comprehensive  and  nearly  instantaneous  picture 
of  the  state  of  the  atmosphere. 

Synoptic  Scale 

Weather  patterns  associated  with  high  and  low  pressure 
systems  in  the  lower  troposphere,  i.e.,  large  scale. 

Terrestri al 

Radi  at i on 

(also  called  earth  radiation,  eradiation)  The  total  infra¬ 
red  radiation  emitted  from  the  earth's  surface. 

Thermal 

Buoyancy 

Buoyancy  attributable  to  a  local  increase  in  temperature. 

Tropopause 

The  transition  zone  between  the  troposphere  and  stratos¬ 
phere,  usually  characteri zed  by  an  abrupt  change  of  lapse 
rate . 

Troposphere 

That  portion  of  the  atmosphere  from  the  earth's  surface  to 
the  tropopause;  that  is,  the  lowest  6  to  12  miles  of  the 
atmosphere.  The  troposphere  is  characteri zed  by  decreasing 
temperature  with  height  and  by  appreciable  water  vapor. 

Turbul ence 

A  state  of  fluid  flow  in  which  the  instantaneous  velocities 
exhibit  irregular  and  apparently  random  fluctuations  so 
that  in  practice  only  statistical  properties  can  be  recog¬ 
nized  and  subjected  to  analysis. 

U1 traviol et 
( radi  at  i  on) 

Electromagnetic  radiation  of  shorter  wavelength  than 
visible  light  but  longer  than  x-rays. 

130 


Water 

Equival ent 
Wavel ength 

Weather 


Wet  Bulb 
Temperature 


Wind  Roses 


Zonal 


The  liquid  water  present  within  a  sample  of  snow. 


In  general,  the  mean  distance  between  maxima  of  a  roughly 
periodic  pattern  (e.g.,  light). 

The  state  of  the  atmosphere  mainly  with  respect  to  its  ef¬ 
fects  upon  life  and  human  activities.  As  distinguished 
from  climate,  weather  consists  of  the  short  term  (minutes 
to  months)  variations  of  the  atmosphere.  Popularly, 
weather  is  thought  of  in  terms  of  temperature,  humidity, 
precipitation,  cloudiness,  brightness,  visibility  and  wind. 

The  temperature  measured  by  a  wet,  musl im-covered  bulb 
thermometer.  The  temperature  an  air  parcel  would  have  if 
cooled  adiabatical ly  to  saturation  at  constant  pressure  by 
evaporation  of  water  into  it. 

Diagrams  designed  to  show  the  distribution  of  wind  speed 
and  direction  experienced  at  a  given  location  over  a  consid¬ 
erable  period.  The  most  common  form  consists  of  a  circle 
from  which  8  or  16  lines  emanate,  one  for  each  compass 
point.  The  length  of  the  line  is  proportional  to  the  fre¬ 
quency  of  wind  from  that  direction;  the  frequency  of  calms 
is  entered  in  the  center. 

Latitudinal;  easterly  or  westerly;  opposed  to  meridional. 
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